NACA TN 2214

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

TECHNICAL NOTE 2214

FORMULAS AND TABLES OF COEFFICIENTS FOR NUMERICAL
DIFFERENTIATION WITH FUNCTION VALUES GIVEN AT
UNEQUALLY SPACED POINTS AND APPLICATION TO
SOLUTION OF PARTIAL DIFFERENTIAL EQUATIONS
By Chung~-Hua Wu

Lewis Flight Propulsion Laboratory
Cleveland, Ohio

Reproduced From
Best Available Copy

Washington
November 1950

20000816 132

DISTRIBUTION STATEMEMT A
Approved for Public Release
Distribution Unlimited




THT

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECENICAL NOTE 2214

FORMULAS AND TABLES OF COEFFICIENTS FOR NUMERICAL DIFFERENTIATION
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By Chung-Hua Wu

SUMMARY

General differentiation formules for successive derivatives of
a function are obtained in terms of the values of the function at
unequally spaced arguments and the corresponding distances between
the successive arguments using Lagrangian polynomials of various
degrees. The remainder term is also obtained. Tables of coeffi~
clents in the formmlas for the first four derivatives are given in
intervals of 0.01 for the special case where only one spacing at
either end is different from the others, as is often encountered
near a curved boundary, for different ratios of this spacing to the
others.

A general discussion of applying these formulas to the numer-
ical solution of partial differential equations is made. In parbi-
cular, the application to the equations of the elliptic type is
illustrated with a problem involving derivatives of both first and
pecond order and with the value of the function given on a circular
boundary. After replacing the derivatives by the formulas based on
fourth-degree polynomials, the resulting set of equations is solved
by both relaxation and matrix methods. Similar application to prob-
lems of compressible flow past isolated and cascade airfoils and
through turbomachines, and temperature distribution and thermsl
gtrese in cooled turbine blades, is indicated.

INTRODUCTION

In recent years, use of numerical methods in the solution of
partial differential equations that are intractable by exact analyt-
ical methods increased. In these methods, a network of pivotal
points over the domein of the problem is considered and the differ-
ential equation is replaced by its finite-difference expressions
that involve the values of the "wanted function" at these points.
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In general, the accuracy of the sclution depends on the fineness of
the network and on the accuracy of the finite-difference expressions
used. For the case where the svacing between the points is every-
where the same, differentiation formulas based on polynomials up to
the ninth degree are available (reference 1). In most practical
problems, however, & part of or the whole boundary line of the domain
is often curved, which renders the spacing near the boundary dif-
ferent from that elsewhere. In the past, a linear or higher-order
extrapolation formla was usually used to obtain, from the given
boundary value, the value at a fictitious point outside the boundary
at a distance from the first point inside the boundary equal to that
between all the other points (references 2 and 3). In reference 4,
a differentiation formula based on unequal distances between the
points is obtained for the second-order derivative using a second-
degree polyncmial, but the error term is not given. It is felt

that a need exists for general formmlas for computing different
orders of derivatives by using the values of functions at nonequi-
distant points based on polynomials of various degrees. Such for-
milas will not only help to solve more conveniently those problems
with curved boundaries, especially for computation on large-scale
digital computing machines, but will also help to reduce the number
of points involved in a problem by using relatively small spacings
only where needed. The formilas will also help to determine more
accurately the non-homogeneous terms in the differential equation
that are not given but are to be obtained through differentiation
during the calculation.

In connection with the theoretical investigation being conduc-

ted at the NACA Lewis laboratory on fluid flow past cascades of arbitrary

airfoils and through turbomachines with arbitrary hub and casing
shapes, general differentiation formulas are obtained in terms of
the values of the function at non-equidistant points and the cor-
responding distances between the successive points by using
lagrangian polynomials of various degrees. The error term is also
obtained. Tables of coefficients for the first four derivatives
for the special case where only one spacing at one end is different
from the others, as often encountered near a curved boundary, are
computed for different ratios of the unequal distance to the equal
distances from 0.1 to 1.29 in intervals of 0.0l.

A general discussion of the application of these formulas to the
numerical solutions of partial differential equations is presented,
including the advantages of using a higher-degree polynomial, The
method is illustrated with a problem involving a second-order partial
differential equation with a circular boundary, which is treated in
reference 3 by the use of a difference-correction method. After the
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derivatives are replaced by fourth-degree differentiation formulas,
the resulting equations are solved by both relaxation and matrix

methods.

The application to fluid flow past isolated and cascade

airfolls and through turbomachines and to temperature distribution
and thermal stress in cooled turbine blades are indicated.

SYMBOLS

The following symbols are used in this report:

nJ

a,b,c,d

[1]
(]

differentiation coefficients in equation (15) used to

mltiply function value at point Xy to give mbh

derivative at x; using nﬁh-degree polynomial

successive distances between Xg, X1, X3, X3z, and x4

i m
;I;Bj/b

m’l  gerivative of y with respect to x
diagonal matrix

first term in R

functions of 7 and ¢

unit matrix

Bessel function of first kind of order zero

lower triangular matrix

lower triangular matrix with unit diagonal elements
coefficient matrix

order of derivative

number of grid points
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degree of polynomial

column matrices
velocity

remainder term of n®l  gerivative at point x4
obtained by using nth-degree polynomial

polar coordinates

upper triangular metrix with unit diagonal elements
composite matrix

independent variable

dependent variable

submatrix

order of [a]

ratio of specific heats

rectangular coordinates

constant

velue of x lying between greatest and least of x

product of (n+l) factors, (x-xg), (x-x1), . . .
(x-xp)

density
dependable variable

stream function

1411
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Superscripts:
1,2, « « . N interior points

a,b,c,d, . . . Dboundary points

Y, M, iy first to fourth-order derivatives
n n®t  gerivative

Subscripts:

i,3,k,1,p,q denote value at given arguments

0 stagnation value

GENERAL DIFFERENTTATION FORMULAS

If y=1f(x) is a function of x and the value of y at n+l
arguments or points xg, X1, . . . X3y « o o X; &are known, the general
Lagrangian interpolation polynomial of degree n is (reference 5)

(-2 ) (xx) « 0o (xex) (x-xp) (x=x,) .+ . (x-x)
= . oo+
(xo-xl)(xo-xz). . .(xo-xn) Yo (xl-xo)(xl—xz). . .(xl-xn) o
(x-xo)(x—xl) - o (xxJ) £(n+1)(p) _ :
(x %) (x -x) ). oz x ) e (n+1) ! (rxo) (x=21) + v () (1)

in which the last term is the remainder term with the value of ¢
lying between the least and the greatest of the numbers X, Xg,
xl, * e @ Xn- By usin.g
IIn+l(x) = (x-xg) (x-x3) + . . (x-x,) (2)

and its first derivative

III'1+1<X) = IIn+]_(x) 2 x.J;—{k (3)
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equation (1) can be written as

S5 Eeald o | (4)
pyrs XX Hn+l(xj) <
where
oo - TEAT 1)y (5)
and
Hr'1+l(xj) = (xj-xo)(xj-xl) . .. (x -X s _l)(x -X 1 +l) . (x3-x) (6)

From equations (3), (4), and (5), the formulas for the successive
derivatives of y with respect to x at any point x can be obtained
ag follows:

Tl
1. Y3 n+1(X) 1
DyuyZoHr’ml(Xj) XX E -XJ o (7)
where
L IO, SELOF IO
= Y3 TTna1(x) < 1 < 2
DPy = 2! ot - —— ||+ 3R (9)
| 326\ II1'1+1(XJ) X-Xj < <x-xk ; x-x2> o
k#3 1#)
where
e T O s TR S e oo

1411 «
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g (x) — 2 n
IT
Doy = 3! g 'yJ n+l ‘¥ Z : 1 1 1 > .
n+l (xjj X=X 3 X=X X=X x "xp n
e I E R

d k=0 1=k+1 P:l-}-l
k%.j Z;é,j p#'j
(11)
where
3p o Tl () o (ne1) TIned (x) 2) ey dt
o (n+l)1f (&) + 3 (n+1) ! eln+ () > T (12)
4y - 4! S I3 IIns1(x)
D%y = 4. j—zo 1__[1314_1 (XJ) X-X3
S 1L (< 1 <~ 2 4p
ZE: XXk ZE: X=Xy zg: <;-xp Zg: x-xq> o (13)
k=0 1=k+l p=1+1 g=p+l
K7 1A A a#3
where
i ‘ 1t
= Sl oy, 4 TR0 ) at : (24)

+ . e
o () (n+1) ! ax

and so forth.

In the preceding formilas of the remsinder terms, only the first
two terms are given. The value of £ is unknown. For the case where
f(n+l)(x) and f(n+2)(x) do not vary much over the range of x, they
may be estimated by the values at the point x in question by using
appropriate differentiation formlas.
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For the case where the derivatives are required only at the given
argumernts xj, the fact that most of the terms containing TIns1(xi) 4

vanish greatly simplifies these formulas. The resulting expression

for the first derivative agrees with that given in reference 5. For ~—t
the present work, it is found to be more convenient to keep the general 9
form as previously given, which enables the same operation at all a
points. Thus, the mbh derivative of y at xi based on a poly-
nomial of nbll degree (na>m) may be written as
0 myd
Ay ¥
n 4
(%) gy = Z 2d A, mpl (15)
- n+l(xj)
n . 3
_ i i
= ﬁaj ¥y + TR (16)
3=0
For m=1
n
1pi o Loy (xg) Z-—-—-——-—l | (17) v
oy Xq-Xj X; - X
k=0
k#
1 . .
;LlRi - Hn+l(3fi)f(n+l)( £) + TIn+l(x1) f(n+2)(g) at . ... (18)
(n+1) ! (n+1)! ax
For m = 2,
n n
2,1 _ Hn+1(x1) 1 1
nAj=———-———-—§r-—-—-—-—Ei (19)
L Xi-Xj Xi~-Xk Xi=X1
k=0 I=k+1

k# 1£3
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and so forth. With this setup, the expression of the coefficients A
in terms of the given unequal distances between the points can be
obtained very easily; for example, if the successive spacings between
five points xp, X3, Xp, X3, and x4, are a, b, c, and d, res-

ively, the coefficients A can be obtained in the following manner:
First, the expressions of IIs(xi), including the factor zero for .

i=0,1,2,3,4, are written. For example, at 1 = 1, TIIs(xy) is
8(0)(-b)(-b-c)(-b-c-d). Coefficients ZLA% for j=0,1,2,3,4 are
then obtained simply by taking out the appropriate X1-X3 factor. from
IIs(x7) and applying the summation operation. At all of the other
points except at j =1 =1, all of the terms except one vanish

because of the factor zero in IIg(x;), with the result iAé equal
to -b(b+c)(b+c+d); ab(b+c) + ab(brct+d) + a(b+c) (b+c+d) - b(b+ec) (bre+d);

a(b+c) (b+c+d); ab(b+c+d); and ab(b+c) at j = 0,1,2,3,4, respectively.
The other coefficients can be obtained in & similar manner.

The expressions of the various coefficients in formula (15) in terms
of the unequal spacings a,b, . . . between successive arguments, using

three, four, and five points, respectively, are given in the following
formlas:

General Three-Polint Differentiation Formule

2 .
mAly
m, S Zj'j i
(D y)x___x1 = m! E _— ;R

550 TI3(xy)
m|i| & A a2 | 5/eG)(e)
Ol ~(2a+b) | -(a+b) -a | ala+b)/6
11 -b a-b a -ab/6
2 b a+b a+2b | (a+b)b/6
of 1 1 1 | -(2a+b)/3
2|1 1 1 1| (a-b)/3
2 1 1 1 | (a+2p)/3

TT5(xq)| TL5(x)| TT5(x3)

a(a+b) -ab | (a+b)b
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‘General Four-Point Differentiation Formula

1L

mi
3 A
-t 3237 i
(Dmy)x=xi m! ,1Z=o “—_L_Ji(xj) + 2
A A hy Ay r/e™)(t)
[é(a+b)+a(a+b+c)f] (a+b) (a+b+c) a{a+b+c) “a(a+b) B a(atb) (at+b+c)
(a+b) (at+b+c) 24
b(b+c) Eab-a(b+c)ﬂ ~a(b+c) -ab eb(b+c)
b(b+c) 24
-be ~(a+b)e (a+b)b-(a+b)e-be (a+b)b _ {a+b)be
24
(b+c)c (at+b+c)c (a+b+c) (b+c) Ea+b+c)(b+c)f}  {etb+c) (btc)e
(a+b+c)c+ 24
‘ (b+c)e
-a-(a+b)-(a+b+c) ~-{a+b)-(a+b+c) -a-{a+b+c) -a~(a+b) 1 a(atb)+
15 a(a+b+c)+ }
(a+b) (a+b+c)
~b-(b+c) a-b~(b+c) a-(b+c) a-b 1 Eab-a(b+c)f]
12 | b(b+c)
b-c (a+b)-c (a+b)4b-c (a+b)+b 1 Ka+b)b- }
12 |(a+b)e-be
(b+c)4+c (a+b+c)+c (a+b+c)+(b+c) (a+b+c)+(b+ec)+c 1 (a+b+c)(bic)+
i (a+b+c)c+
: (b+c)ec
1 1 1 1 _ a+§a+b)+§a+b+c}
. 4
1 1 1 1 a-b-(b+c
4
1 1 1 1 Qa+b!+b-c
4
1 1 1 1 §a+b+c!+§b+c)+c
4
5 (xo) M (x1) 1, (xg) I (x3)
-a{a+b) (at+b+c) ab(b+c) -{a+b)be (a+b+c) (b+c)c
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General Five-Point

m, - T 1
W -5 F,
1 A Az Ay
0 ~(a+b)(a+b+c){a+b+c+d)} | -ala+b+c){a+tb+c+d)

i)

[¥]

o

“|a{a+b+c) (a+b+e+d )+
(a+b)ta+b+c){a+bc+d)

ala+b }{a+b+c )+
{%(a+b)(a+b+c+d)+
-b(b+c)(b+c+d)

be(c+d)
=(b+c)ed

{b+c+d }(c+d)d

a(b+c)(b+e+d)-

ab(b+c )+ab(b+e+d )+
[b(b+c)(b+c+d)

{a+b)e(c+d)
—{a+b+c )ed

(a+b+c+d)(c+d)d

alb+c }{b+e+d)

[-(a+b)bc-(a+b)b(c+d)+
(a+b)c{c+d )+be(c+d)

—(a+b+c ) (b+ec)d

(a+b+c+d ) (b+c+d)d

o

-

(¢ ]

=

(a+b){a+b+c )+(a+b)(a+b+c+d)

a(a+b)+a{a+b+c)+a(atb+e+d )+
(a+b+c)(a+bre+d)

b(b+e }+b{b+e+d )+
&b+c)(b+c+d) ]
~be-b{c+d)+c(c+d)
(b+c)e—{b+c )d-cd

Eb+c+d)(c+d)+(b+c+d)d*]
{c+d)d

]

{a+b)(a+b+c+d)+
(a+b+c }{a+b+c+d)

[(a+b)(a+b+c)+ ]

b{b+c )+b(b+c+d }+

—ab—a(b+c )-a({o+c+d )+
(b+c ) (b+c+d)

[—(a+b)c—(a+b)(c+d)+]

c{c+d)

(a+b+c)c—(a+b+c )d~cd

(a+b+c+d )}{c+d )+
(a+b+c+d )d+(c+d )d

a{a+b+c)+a(a+b+c+d )+
(a+b+c)(a+b+e+d)

—a({b+c)-a{b+c+d )+
[(b+c Y{b+c+d) :I

(a+b)b—(a+b)e—~(a+b)x ]
(c+d)~be=b(c+d)+c{c+d)

|:(a+b+c ) (b+c )~ (a+b+c)a- ]
(b+c)d

(a+b+c+d ){b+e+d )+
(a+b+c+d )d+{b+c+d }d

—a~{a+b+c)-{a+b+c+d)

0| ~a={a+b)=-(a+b+c)-(a+b+c+d) [Zgigig:ég+b+c)-}

1| -b-(b+c)=(b+c+d) a-b—(b+c )—-(b+c+d) a—(b+c)=(b+c+d)

2| b=c=(c+d) (a+b)—c—{c+d) (a+b)+b=c—{c+d)

3| (b+e)+c—a {(a+b+c )+e-d {a+b+c )+(b+e)-d

4 | (b+c+d)+(c+d)+ad (a+b+e+d )+{c+d )+d (a+b+c+d)+(b+c+d }+d

(o] 1 1 1

1 1 1 1

2 1 1 1

3 1 1 1

4 1 1 1.
Hé(xo) ng(xl) Hé(xz)

a{a+b)(a+b+c)(a+brc+d) -ab(b+c)(b+e+d) (a+b)bc(c+d)

TTVL
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Differentiation Formula

13

(a+b+c }(b+e )e—(a+b+e )x
(B+c )d=(a+b+c )ed=(b+c Jed

{a+b+c+d ) (b+c+d )(c+d)

(a+b+e)(b+e)e

(a+b+c+d ) (b+c+d)(c+d )+
(a+b+c+d ){b+e+d)d+

t (a+b+c+d){c+d)d+(b+c+d){c+d )d}

4
(Dm = m! 4 1 .
? " JZ=0 $(xy) ks vw
. A:5 A4 E/f(S)(s)
-a{a+b){a+b+c+d) -a{a+b)(atb+c) T:ELTS a(a+b)(a+b+c)(atbrerd)
ab{b+c+d) ab{b+c) - Tlfo ab(b+c¢ )(b+c+d)
~(a+b)b(c+d) —(asb)be Tlﬁ (a+b)(be(c+d)

- Tél'ﬁ (a+b+c }(b+c)ed

1.%.5 {a+b+c+d ) (b+c+d){c+d)d

ala+b)+a({a+b+c+d )+
(a+b){a+b+c+d)

~ab—a(b+c+d )+
b{b+c+d)

(a+b+c){b+c )+(a+b+c)c-

[
[
[ b)b (a+b)(c+d)]
[
[

(a+b+c }d+(b+c )o- (b+c)d-cd}

a{a+b)+a(a+b+c )+ (a+b) (a+b+c)

—ab-a(b+c)+b{b+c)

(a+b)b~(a+b)e-be

(a+b+c ) (b+c )+{a+b+c )o+(b+c e

1 [a(a+b)(a+b+ec)+a(a+b){a+brc+d )+
TO | a{a+b+c ) {a+b+c+d }+(a+b)(a+b+c ){a+b+c+d)

|: ab(b+e )+ab(b+c+d )+a(b+c ) (b+e+d )=
b(b+c ){b+c+d) ]

1 [-(a+b)bc—(a+b)b(c+d)+
(a+b)e(c+d ) +be(erd) ]

(a+b+e ){b+c)e~(a+b+e }{b+c )d—:l

B0 [(a+b+c)cd_—(b+c)cd
(a+b+c+d)(b+c+d)+(a+b+c+d)x} (a+b+c+d)(b+c+d)+(b+c+d)(c+d)+]| 1 [(a+btc+d)(b+c+d)(c+d)+(atb+e+d)(b+c+d)d+
(c+d)+(b+e+d)(c+d) (a+b+c+d)(c+d)+(b+o+d)a+ B0 | (a+brc+d)(c+d)as (brcrd) (crd)d
(a+b+c+d)d+(c+d)d
—-a—{a+b)=(a+b+c+d) ~g~={a+b)=(a+b+c) 1 [ (a+b)+a(a+b+c )+ala+b+c+d )+ (a+b) (astbrc )+~
T8 | (a+b){a+b+c+d )+(atb+c){a+b+re+d) ]
a-b—(b+c+d) a=b—(b+c) 1 [-ab-a{b+c)-a(b+c+d )+b(b+ec)+
0 [b(b+c+d)+(b+c)(b+c+d) ]
(a+b )+b—(c+d) (a+b )+b—c 1 l:(a+b)b-(a+b)c (a+b)(c+d)]
0 “blc+d)+c(c+d
(a+b+c)+{b+c)+c-d (a+b+c )+ (b+c )+e 1 [(a+b+c)(b+c)+(a+b+c)c
20 { ~(atb+e)d+(b+c)e (b+c)d—cd:l
{e+bsced)+{b+c+d )+(c+d) {a+b+c+d )+(b+c+d )+{c+d )+d 1 [(a+b+c+d)(b+c+d)+(b+c+d)(c+d)+(a+b+c+d)(c+d)+
20 | (b+o+d)d+{a+b+e+d)d+{c+d)d
1 1 .é [a+(a+b)+(a+b+c)+(u+b+c*d):| )
1 1 %[a-—b-—(b+c)-(b+c+d)]
1 1 %[(a+b)+b-c-(c+df]
! ! % (a+b+c }+(b+e )+cmd]
1 1 %[(a+b+c+d)+(b+c+d)+(c+d)+q]
HE’,(XS) Hé(x4)

—(a+b+e ){b+e Jecd

(a+b+c+d ) (b+e+d){c+d )d
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The corresponding simplified expressions for the specilal case
where only the first spacing is different from the rest, as often
encountered near the boundary of a problem, are given in the following
formulas: In these formulas, r is equal to the ratio of a to the
other uniform spacings b=c¢=4 . . . . For ready applications,
the differentiation coefficients and the coefficient of the first
remainder term of this special case are computed for a range of r
from 0.10 to 1.29, in intervals of 0.0l and are given in the attached
tables.

Three-Point Differentiation Formumla for a=rb

- ' gAi v, i
J)x=xi = m. - ffiﬂijf + ZR
m|i| A Ay a,  |B/03)()
0|-(1+2r)b| -(1+r)p | -rb % r(1+r)b2
101 - |-@-r)p | 1 |- % b2
2| b (L+r)b | (24r)D % (L+r)p?
0 b 1 1 - % (1+2r)b
21| 1 1 1 (-2 @
2 1 1 1|+ %-(2+r)b

TTi(xp) |TI3(x1) | IX(x)
r(l+r)b2| -rb2 (L+r)b?

-

1411
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Four-Point Differentiation Formula for a=rb=rc

mi
S, A,y
(o) . == >, g—g_a)i + 2!
i 30 x '
4\Xy
n A, A Ay Az /e(4)(t)
r(2+r)+J 2 (1+r) (2+1)b2 | r(2+r)b2 | r(1+r)be r(l+r) (241)b3
2(1+r)2]® 24
2b2 (2-3r)b2 -2rb2 -rb2 2rb°>
1 24
b2 - (1+r)b2 -p? (1+r)b2 _ (l4r !bs
, 24
2b8 (24+1)b2 2(241)b% | (8+3r)b? 2(241)1°
’ 24
-3(1+r)b -(3+2r)b -2(L+r)b | -(1+2r)b [r(2+r)+2(1+r)2:|b2
12
-3b -(3-1)b -(2-r)b | -(1-v)Db (2-37)b2
12
2
0 rb (1+r)b (2+7)b _ ﬁ
12
3b (3+r)b (4+r)b (5+r)p §8+3r}b2 ‘
12
1 1 1 1 _ 3(1+r)b
4 .
1 1 1 1 (3-r)b
3 T T4
1 1 1 1 (1+r)p
4
1 1 1 1 (5+r)b
4
] (x,) I (x, ) My(x,) | Mp(x,)
-r(l4r) (247)0° 2rbd -(1+1)bd | 2(24r)b3
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Five-Point Differentiation Formula for s&srb=rcsrd

n mAi
- Ay 1 .
(Dmy)x=xi m? J);Zo H—J_i'(x i + ’:&

R I,
w| 1 A9 A A s - Ay 2/e5)(E) ‘
0 rgézggmpﬂ)»f , Z(1+1) (2%2) (3+0)b3 | =r(2+r) (3+r)b3 | =r(1+r) (3+r)b3 | ~r(l+r) (2+r)p3 ﬁlﬁr(lh)(Zﬂ)(ﬁ*’r)bu

| e (140 ) (540 )+ ®
r{l+r) (2+r)
1| -603 (-6+11r)03 (6r)o3 (3r)p3 2rv3 - A b
1 . .
2 123 ) 2(1+r)63 (1-r)o3 -2(14r)03 -(147)03 5% (1+r )kt
3 | -2b3 | =(2+r)n3 -2(2+r)b3 -(#r)o3 2(2+r)b3 _ 613 (2+r )0l
L | 603 2(3+r)b3 3(3+0)b3 6(3+r)b3 (39+11r)b3 = (347 )0l
0 1+r)(5+2r)+ 1+r)(5+2r)+|. 2 (5+2r)+ 2 | [2r(24r)+ (3+2r)+ 2 (1+r)(2+n) (3+rk
[Ezii)E%m;) ]bz [Ezéngﬁ }b [fzzrﬁ;m]b [(ﬁmfw)}bz [fm)l("zm}b _ L | r(er) (3erp 3
T0 | r(1+4r) (3+r)+
r(li+r) (2+r)
112 (11-67)02 (6=5r)b2 (3-4r)p? (2-3r)p2 & (-6+11r 103
20 2| 2 -(1+3r)b2 -(3+2r )62 —(3+r)02 02 & @
5 | b2 - |2 '’ (3+2r)62 (8+3r )62 - &
L | 1102 : (11+3r)02 (1544 )02 (21451 )b (29+6r )p2 & o113
0] -(6+4r)p ~(6+3r)b -(5+3r)b ~U3r)p -3(1+r)b 1 [(1r)(5+2r)¥]. 2
(6+4r 3r 5+3r L+3r 3 & [(2+§><g+u§3 ]b
1|-6ép -{6-r)b “(5-r)b -{4-r)o -(3-r)b e (11-6r )62
3l2]-20 ~(2-r)b -(1-r)b b (1+r)b '216(3*”)"2
3 i2b (2+r)b (3+r)b : (b+r)p (5+r)b 2;6(5'2"”2
L | 6o (6+r)B (7+r)b (8+r)b (9+r)b A (29vérn?
0 1 1 1 1 1 - % (6+4r)b
1 1 1 1 1 1 - % (6=r)b
L2 1 1 1 1 1 - %— (1-r)b
3 1 1 1 1 1 %- (4+)o
L 1 1 1 1 1 % (9+r)b
r N .
l'l;(xo) H%(xl) H%(xz) [,x‘;(XB) Il.;(xh)
r(1#r) (240) (34+r)bl -6rvlt 2(1+r)uh —2(2+r )0k 6(3+r)ult
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In all formulas and tables, E denotes the first term in the
remainder series. If the value of r of a given problem lies between
computed intervals, either linear or higher-order interpolation, depend-
ing upon the value of r and the number of significent figures required,
may be used to obtain the desired value. In the coefficient tables
where r =1, the first term in the remainder series of some deriva-
tives is equal to zero, therefore the second remainder term is required.
Because of the unknown nature of df/dx in the second remainder term,

“the error term listed in the coefficient tables is obtained by using a

Taylor series expansion at the point x; in question.

Although the tables of coefficients are computed for the case
where the first interval is different from the others, they may also
be used for the case where the last interval is different from the
others by taking the coefficient in the reversed order and multiplying

by (-1)®, as indicated by the headings at the bottom of these tables.
These two headings could be used together to get a short interval for
interpolation in the case of .three-point formules.

It may be noted that in the formulas, the coefficients A
satisfy the following relation:

. n * .
m fllAi = z ‘I’llAz (21)
3=0
3

and that in the attached tables, the coefficients ﬁB% satisfy the
following relations

nz‘r‘;B? =0 (22)
j=0 "7 '

and

(23)

]
o+
S,

BE
AVAN i
e

Py

J=0

where A 1s any convenient constant.
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APPLICATION TO SOLUTION OF PARTIAL DIFFERENTIAL EQUATIONS

The numerical solution of partial differential equations consists
of two main steps; namely, replacing the differential equation by its
finite-difference expression at a number of chosen nodal points and
solving the unknowns from the resulting set of algebraic equations.
The differentiation formulas are presented herein in order to obtain
more accurate and convenient expressions of the finite-difference
equations near a curved boundary and also to enable the use of a net-
work of varying spacings, which may be very desirable in the machine
computation of problems involving & large number of points, such as
encountered in fluid-flow problems.

Consider the following type of partial differential equation of
the second order frequently encountered in engineering problems:

e do  _ d%p 3o
——— G._.._ r— .__.O 24
F5n2+ 5n+Hg§_2+Ja§+K ( )

where F, G, H, J, and K are functions of the two independent vari-
ables 7 &nd (. In order to use the differentiation formmla (16),

it is convenient to choose & rectangular grid over the whole regilon.
(See fig. 1.) Substituting equation (16) (without the remainder terms)
into equation (24) in each direction at a point, the © value of
which is wl, results in the following algebraic equation:

n n A .
ch> (r1 283 + 6t 1Y) @d 4 kZ;,) & Zei + ot B o k= 0 (25)

where @j and @k denote @ values along the 71 and § directions,
respectively. (See fig. 1 for a typical point near boundary with n = 4.)

Obviously,only when the remainder terms gRi and %Ri are negli-

gible, compared with the main terms in equation (16), will equation (25)
represent the original equation (24) at these points with sufficient
accuracy, and the solution obtained by solving the set of equations (25)
covering the whole region will give a good approximate solution of the
original differential equation (24). When formulas (18) and (20) and
the E +%erms listed in the tables of coefficlents are referred to, it
ig seen that the magnitude of the coefficient of the remainder term is
controlled entirely by the degree of the polynomial used and the grid
svacing chosen.

1411
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For nth-degree polynomial representation, derivatives.of ordeﬁs
higher than n are involved in the remainder terms; T (x), TIIgq(x),

. . . are of the order of the spacing raised to the n, (n-l) . . .
power, respectively; and the denominator (n+l)! increases rapidly with
increasing values of n. Because mumerical calculation is usually per-
formed with dimensionless quantities, with the distance expressed in
terms of & principal dimension of the problem, the spacing involved in
actual calculation is usually less than 1. Hence the higher power on
the spacing resulting from a higher-degree polynomial representation
reduces the magnitude of the remainder term. Consequently, a higher-
degree polynomial representation will always permit a smaller number

of grid points necessary for a given accuracy, if the successive deriv-
atives do not increase faster than the combined effect of a decreasing
II,,1(x) . . . in the numerator and an increasing (n+l)! in the

denominator of the coefficlent. For example, a comparison of the

remainder term of the equally spaced fourtn-degree or five-point for-
mula at the off-center points x; and xz with the second-degree or
three-point formmla at the central point X7 indicates that, for the

same accuracy, the five-point formala requires a grid spacing not
smeller than that required by the three-point formule raised to two-
thirds power if the fifth derivative is not greater than the fourth
derivative. Under such a condition, if the grid spacing required for
a given desired accuracy by using the three-point formule is 0.1, the
spacing required by using five-point formula is 0.215, which means a
reduction in the number of grid points of four and eight times can be
expected by going from three-point formule to five-point formula in

a two-dimensional and three-dimensional problem, respectively. This
saving certainly Jjustifies the use of slightly more complicated for-
milas and is especially importent for fluid-flow problems where a very
large region must be included in the calculation. This situation is
amply demonstrated in reference 3, where it is found in various problems
that the inclusion of differences up to the fourth order with a rela-
tively coarse grid gives more accurate results then using only second-
degree polynomial representation with a network four times as fine.

In most practical problems, the successive derivatives decrease
in magnitude. There are, however, problems that include regions where
the successive derivatives increase rapidly in magnitude. The only way
to make the remainder term negligible then is to make the spacing small
enough. One Interesting example of this nature is given in reference 6,

where the function y = (14+x2)™1 has a successive even-order derivative
that increases rapidly at x = 0. For a spacing of 1, it was shown that
at x = 0. the accuracy of the computed derivative decreases with the

increasing degree of polynomial representation. This decrease is due to
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the fact that the increase of the derivatives is grester than the
increese in (n+l)! . With the spacing of 1, however, none of the three
polynomials used is good enough for actual calculation. When the spacing
is reduced to one-half, the fourth-degree polynomial gives better results
in several places, but still none of them gives acceptable accuracy.

(See table I.) When the interval is further reduced to one-fourth, the
fourth-degree polynomial gives best results everywhere and is the only
one that gives acceptable accuracy over the whole range. When the inter-
val is gtill further reduced to one-eighth, the fourth-degree polynomial
gives values accurate to within 1 percent everywhere except for y" at
x = - 1.  The second-degree polynomials, however, give results not quite
as good as those given by the fourth-degree polynomial with twice that
spacing. Thus, when a small enough spacing (0.25 or 0.125) is used,

the coefficient of the error term decreases with increasing order of
polynomial representation (because of the higher power on the spacing
term and the larger value of the factorial term in the denominator) at

a rate sufficiently fast to overcome the increase of the successive
derivatives at x = 0.

1411

Before starting computation of a new problem, it is therefcre always
desirable to make a difference analysis of a known solution of a gimilar
problem or of an approximate solution of the given problem to see approx- -
imately how the wanted function varies over the entire domain of the
problem. In most practical problems, the successive derivatives usually
decrease over most of the regions and it is always advantageous to use
higher-degree polynomial representation with relatively coarse spacing.’
If successive derivatives are expected to increase rapidly in certain
regions, however, it is essential tc use very small spacings in those
regions., In fluid-flow problems, where it is necessary to extend the
domain of calculation far away from the obJject to take care of the bound-
ary conditlons, it would be desirable to use an increasingly large
spacing away from the object.

After the number of nodal points of a given problem and the value
of n at these points are chosen, the appropriate method of solving the
resulting set of eguations (25) is determined by the type of the given
differential equation. If the original equation is of the elliptic type
with the value of the function or its normal derivatives specified on a
closed boundary, the set of equations (25) covering the whole region is
to be solved simlbanecusly by either indirect or direct methods. If
the original differential equation is of the parabolic or hyperbolic
type where initial values of the function are given on a part of the
boundary, the step-by-step forward integration procedure is appropriate
(along characteristic lines in the case of hyperbolic equations).
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In problems of the boundary-value type, the relaxation method
developed by Southwell (reference 2) has proved to be much superior to
other iterative methods and has been used to solve many important
engineering problems (references 2, 3, and 7 to 10). The differen-
tiation formula obtained herein w1ll help to obtain equation (25) more
accurately and conveniently at the boundary and to reduce the labor of
computation by adopting a network of varylng spacing in problems in-
volving large domains.

In problems such as fluid flow over an isolated airfoil or a cas-
cade of airfoils including & large number of nodal points, the work
involved is still great even with an increasingly large spacing away
from the airfoils. Although this tremendous amount of hand computing
may be avoided by solving the problems on & modern high-speed large-
scale digital computing machine, the machine can only be set up in a
relstively simple way either with a straight iteration method of
Liebmann or the faster relaxation method and many passes have to be
made over the network to reduce error everywhere to an allowable limit.
Because of the recent finding that the previous error estimate of the
direct solution of & set of algebraic equations by the elimination
technique is far too pessimistic (references 11 to 14), and because
the coefficient matrix of equation (25), although of very large
order, contalns only a few nonzero elements in each row, thus giving
a much smaller effective order of the matrix, it is quite conceivable
that two~ and three-dimensional-flow problems involving grid points up
to a few hundred can be solved very rapidly with acceptable accuracy
by this technique on the digital machines.

The simplest way of directly solving equations (25) seems to be
as follows: Equations (25) are first written in the Tfollowing matrix
form: All the unknown ®@'s at the N interior points are denoted
by superscripts 1, 2, . . . and the given boundary values are denoted
with superscripts a, b, . . . w, as shown in figure 2. (The order of
numbering is from top to bottom and from left to right.) Then at each
interior point, there is one equation (25). When the combined coeffi-
cients of unknown ®'s in the equation at ®! point are denocted by

and the sum of K1 and the product of the known boundary ®@'s

and the corresponding coefficlent are denoted as P, the N sets of
equation can be written in the compact matrix form

Mé o) = pi

] )

or
(26)

il
—0
iyh
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where @ﬂ, {%}, and {?} are square and column matrices of order N.

The nature of the coefficient matrix M, from the problem involving
29 unknown ®'s shown in figure 2, is indicated in figure 3. (The
central-point five-point formule is used everywhere except at the points
next to the boundary.) In general, the largest number in each row is
located at the diagonal line. It isg clearly indicated in figure 3 that
the matrix M can be considered as composed of 6 X 6 = 36 submatrices;
the ones on the diagonal line are square matrices of order five and con-
tains only four zero elements and the remaining ones are diagonal matrices

also of order five. Thnese submatrices are designated E;] in figure 3.
Wherever a curved boundary exists, a part of these submatrices is cut off,

as is ag. In case the three-point formula is used throughout, the order

of matrix M necessarily becomes several times larger and there will be
only one line of diagonal submatrices running along each side of the main
ones on the main diagonal,

1411

In equation (26), if the coefficient matrix M is nonsingular, a
unique solution for ® always exists. Although there are a number of
methods to solve this matrix equation (references 12 and 13), the follow-
ing method is found to be the best in taking advantage of the large num- -
ber of zero elements in the given cocefficient matrix M to reduce to a
minimum the number of operations and recordings of the present problem.
This method involves the resolution of the coefficient matrix M into
the product of an upper triangular and a lower triangular matrix as
follows: From the theorem of triangular resolution of a matrix (refer-
ences 11 and 12),

P} = [ [a] [v]

where Z] and [@} are lower and upper triangular matrices both with
unit elements along the diagonel, and [d4] is a diagonal matrix. It

is found convenient to combine [1] and Eﬂ into a lower triangular
metrice [L], which yields

(] = ][y o (28)

The elements of matrices [L] and [ﬁ% can be obtained by the ordinary
matrix multiplication rule as follows (superscripts and subscripts indi-

cate the number of the row and the column, respectively):




NACA TN 2214

(a)

(b)

TT9T

(c)

(a)

(e)

(1)

11
1

Operation along a column j:

it

]

1 2 _ .2 1 i
Ml Ll = Ml . or Ll = Ml
1 1 1
¥§ uz = gé or ul = %i
I U =1T 3Tl
1 1 1
2 _+.2 1 3 _ 3 _12 1 i_ i i1
M2 Ll uy L2 = M2 Ll u2 . . or L2 = M2 Ll u2
2 _ .21 2 _q2 .1 2 _q2 1
M3 Ll u5 » M4 Ll u4 5 MS Ll u
) ug = 2 . . or uJ —j—zg————i
L2 2 2
3 _.13,1 _13 .2 4 _ 4 141 14 2
M3 Ll u3 L2 u3 L M3 Ll u3 L2 u3 e e or.
i_mi_oqi 2 _+1i,2
L3 = M= Ll u5 LZ u3
3 _13 .1 _ 13 .2 3 03,1 _ 3.2
My mDyw -lpwy o Mg -LYup - Ijug
n = « or
13 S L3
3 3
3 3.1 3.2
MY - L - L
3 uj - uJ
u =
J 13
3

1i
J

M.

i
J

Cte

5y
]
=

i
et

and so forth. The sequence of operation is always (1) obtain I along
& column, and (2) obtain u along a row. The general operation can
8imply be written as

(29)
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(2) Overation along a row 1i:

1411

Ml-g‘ 1w 1\
u3= n (3 >1) . (30)
L
1

The nature of [L] and [u] are indicated in figure 4. In fact, a
composite matrix [V] = [L] + [u] - [I] can be used in place of sepa-
rate matrices [r] and [u] to facilitate recording. Then both L
and u in equations (29) and (30) are replaced by V. The composite
metrix is called auxiliary matrix in reference 15, where formulas similar
to equations (29) and (30) were obtained by an induction process. The
composite matrix V is shown'in figure 5. It may be noted that in the
case of problems where there are more unknowns in the central region
then shown in figure 2, matrix V will have more rows like those from
row 11 to row 25. The difference between these typical rows from those
ebove and below them is due to the unsymmetrical formulas at points near
to the left and right boundaries.

When [L] and [u] are obtained, the solution of the set of equa-
tions involves the following forward and backward substitutions: Defin- -
ing a column matrix @ of the same order N as P yields

T @ -8 (31)

giving
1 _ B
=TT
L
1
pe . 12 Ql
2 1
Q" = >
Lz
or, in general,
i-1 i
P01l
Q= —= (32) -
Ly .
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The unknown matrix ¢ 1is then obtained by

] {o}= {e} | (33)

that is,

or, in general,
i+l
ol = g - ;E: u% QJ (34)
J=N
When equation (32) is compared with equation (30), it is seen that

Q' is obtained in precisely the same manner as u'. The column

matrix P can therefore be added to the right of matrix M and treated
in the same manner as the last column of M (fig. 6). In addition, it
is advisable to add a checking column S to M defined by

N .
st - ZM:S + Pt (35)
51

~ Then one more column T is obtained behind Q, and W behind .
(See fig. 6.) The formulas for checking are

N+1 .
=14 > 73 (36)
J=i+l
and
wl=1 40l (37)

If several sets of values of @ﬂ are given at the same time, they
can be placed behind [M] in the beginning of computation, thus obtain-
ing several sets of ¢ at the same time. This gituation arises when
gsolutions are required for different boundary values or different values
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of K(n,0) in the original differential equation (25). If solution

is required for a different value of {P} any time after the first -
golution is obtained, the matrix V is always available and the work
required is only the forward and backward substitution processes. In
all cases, the principal work involved is the transformation of matrix M
to matrix V. Once this transformation is done for a given problem,
gsolutions for different {P}'s can be obtained very quickly.

1411

This method can be extended to nonlinear differential equationms,
where the coefficients F, G, H, J, and K depend on ®. One way of
extending the method is to recompute the values of F, G, H, J, and K
after a solution of @ 1is obtained. Recomputing means, however, repe-
tition of the whole process as shown in figure 6. For some types of
elliptic differential equation such as the one encountered in subsonic
flow, a much simpler method is possible. For example, the equations
defining the irrotational motion of a compressible nonviscous fluid are

SR (s (3

o . .21 (g c (39
Po z <ao> (59

where V 1is the stream function defined by

and

1Y _ 1y
WTERX X T e (40)
Equation (38) can be written as (reference 8)
B AV 1339, a\u>
SZ T NE T (an YA & e (42)

By taking the term involving density as constant for each calculation
and as the K term in equation (25), a matrix M is obtained that is
determined only by the geometric shape of the problem. Thé matrix V
can then be used to compute successively improved values of {E} using
successively improved values of {P}, which contains the succéssively
improved velues of K (or p). For subsonic flow, the variation of
density with velocity is limited, thus thils process of treating the non-
linearity converges rapidly (references 9 and 10). This method is
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especially convenient when a large mumber of cases for a given isolated
or cascade airfoll is required, such as with various stream Mach numbers
in which case the matrices M and V remain fixed.

It is believed that the method described herein will find increasing
use in problems of fluid flow past isolated and cascade airfoils, fiuid
flow through turbomachines;, temperature distribution and thermal stress
in a cooled turbine blade, and many other boundary-value problems. For
an ordinary completely filled matrix of order N, the number of multi-
plication and division processes involved in the matrix solution is of

3
the order of g; + Nz) for obtaining [V], and N2 for obtaining

{Q} and {¢O. Because of the large number of zero elements in [M],
the corresponding number of multiplication and division processes in-
volved using the five-point differentiation formula is of the order of

(4B% N+4fN) for [v], and 4pN for {Q} and (¥}, where B is of
the order of the submetrix a. (If the three-point differentiation for-

mula is used, there are (B2 N+4BN) and 2pN operations, respectively,
with N necessarily several times larger.) This reduction in the effec-
tive order of the matrix is very helpful in reducing rounding-off errors.
If the present digital computing machine is designed to handle an ordi-
nary matrix of order of 100 (reference 11), it may therefore be expected
to handle the special matrix of the present problems of the order of
several hundred, which is sufficient for most fluid-flow problems.

Numerical Example

In reference 3, the function @, which satisfies the differential
equation

éﬁﬁ P22, 22 ¢ (42)
Ol r or yz2
and takes the values
® = 10,000 J, (3r) e°? (43)

on the boundary of & circle with center at r = 1.5, =z = 0, and radius of
0.5 (fig. 7), is obtained by an improved relaxation method with difference
correction. Accurate results were obtained in reference 3 by the inclu-
sion of differences up to the fourth order, even with a relatively coarse
network. Because of the curved boundary all around, it was felt that 1t
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would be more convenient to use the differentiation coefficients obtained
herein in order to avoid the extrapoclation for both @ and high-order
differences near the boundary. In order to compare the results on the
same basis, the same network involving 16 interior points and the five-
point differentiation formla (corresponding to the inclusion of differ-
ences up to the fourth order) are used. The solution is obtained by
both relaxation and matrix methods.

1411

Relaxation solution. - Basically, this problem involves only two
values of a, (0.l and 0.18990), differing from the uniform spacing
b = 0.2 (fig. 7). The spacing ratio is therefore 0.5 and 0.94950, ’
regpectively. The differentiation coefficients for 0.5 can be obtained
directly from the coefficient tables, and the coefficients for 0.94950
can be taken, for engineering accuracy, as equal to those for 0.95 given
in the coefficient tables. For the present calculation, however, it
is better to compute these coefficients more accurately from the
formulas so that any difference in the result will not be attributed
to this approximation. After the coefficients are obtained, they are
combined according to equation (42) and are given in figure 8. The
corresponding relaxation pattern is given in figure 9.

It is convenient to obtain the solution in two steps. In the first -
step only the five or seven larger coefficients of the nine coefficients
at each point are used to compute the residual and to improve the @
value at each point. After the required change of ¢ at all points is
reduced to the order of 10, new residuals are computed and @ values
are improved using all nine coefficlents. The computation is stopped
when the required change of ® is less than 1.

Matrix solution. - Because of the possible accumnlation of rounding-
off error in the matrix calculation, the boundary values are computed to
five significant figures and the elements of coefficient matrix M are
given to five decimal places. Matrix P 1is given to two decimal places,
giving at least six significant numbers. It was originally intended to
keep five decimal places in the matrix V calculation also, but it later
developed that some elements in u become very small and the computa-
tion was extended to seven decimal places, giving a minimum of three
significant figures in one place. In spite of this decrease in sig-
nificant figures, the substitution of the ® values obtained into the
original equation gives a new {P}, {P', which checks with the orig-
inal {P} to within two on the fifth significant number. The com-
posite matrix V and the column matrices Q, ¢, and P' are all
given in table II. Calculations were also made keeping five signi-
ficant figures everywhere, which still gave @ accurate to within
1.3 percent, . )
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A comparison of solutions obtained by relaxation and matrix solu-
tions ueing the differentiation formula (16), the relaxation solution
with difference correction (reference 3), and the exact values are
given in table ITI. The first two solutions agree very well and can
be taken as the values the fourth-degree piece-wise polyncmial approxi-
mation and the grid size used will give for this problem. Although
these values are, in general, accurate enough for engineering purposes,
some of them do not agree with the exact value as well as the solution
obtained in reference 3. This difference is caused by the fact that in
reference 3 the boundary values are obtained by extrapolation based on
the approximate interior values and a constant fifth-order difference
obtained from them is used in subsequent calculations. Also at points
next.to the boundary, the relaxation coefficients seem to be based on
a linear variation from those points to the boundary. Because of these
veriations, the procedure given in reference 3 will not always give more
accurate answers than a strictly fourth-degree polynomial approximation
as used herein.

CONCLUDING REMARKS

General differentiation formulas are obtained in terms of the values
of the function at unegually spaced arguments and the corresponding dig-
tances between the successive arguments using Lagrangian polynomisls of
any degree. The remainder term is also obtained. The coefficients in
the formulas for the first four derivatives at the given arguments are
explicitly given. For the special case where there is only one spacing
at elther end of the arguments different from the others, as often
encountered in many practical problems, the differentistion coefficients
are computed for different ratios of this spacing to the others, varying
from 0.1 to 1.29 and in intervals of 0.01, and are given in the coeffi-
cient tables.

The formulas and the coefficients obtained can be used to obtain the
approximate values of the various derivatives at any point within the
range of given arguments when the values of the function are given at a
number of polnts unequally spaced. They can also be used in the numerical
integration of partial differential equations where the starting value is
given on & curve unequally spaced from the regular grid lines, or when the
interval must be changed during calculation. In particular, in the numer-
ical solutions of elliptic-type partial differential equations, they can
be used to obtain the finite-difference expressions more accurately and
conveniently at points near a curved boundary, to enable the use of a
gradually increasing grid spacing away from the object if the boundary
condition is given at infinity, and to render the solution of these prob-
lems practical on large-scale digital machines by either iterative or
direct methods.
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In most practical problems, use of differentiation: formulas based
on polynomials of higher degree than second is possible and advantageous
to enable the use of a relatively coarse grid over most of the domain
of the problem to reduce the amount of work.

Lewis Flight Propulsion Laboratory,
National Advisory Committee for Aeronautics,
Cleveland, Ohio, July 5, 1950.
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TABLE I - COMPARISON OF 3-, 4-, AND 5-POINT DIFFERENTIATION FORMULA WITH y = 1/1«»:2 VW
7
Spacing . Exact
x ¥ 1.000 0.500 0,250 0.125 values
3 point|4 pointl 5 point|3 point][h point]5 point 3 point | & point| 5 point| 3 point [% point 5 point

-1.000{0.50000] 1.00 1.lo 1.70 0.700 | 0.500 | 0.200 | 0.520 | 0.468 | 0.493 | 0.50208] 0.L9TH1| 0.50133] 0.50000
.875] .56638 .56000| .56233! .56103| .56090
- 7501 .64000) 600 626 618 .61092| .61587| .61456| .61475
- .625] .71911 . .64000| .6UT92| .6W6L3[ 64767
) - .500| .80000 .500 600 .700 602 .628 636 .63048( .63840( .63985| .64103
'S - .375| .87673 .56k72|  .57555| .5759k| 57692
[} ~ .250( .94118 koo o 433 43164 Lbh3e5 | (bh21g|  hkoh8
[ - .125] .9BLEY .23528( .2ubk76| .2M177| .2bket2

0 1.00000( © - .200 |- .300 | O .100 | o 0 02k | o 0 .00349| 0 0
L1251 . 98464 - .23528(- .23877/- .2W177|- .24272
.250] .94118 - k00 |- uk2k |- 433 |- 43164 (- (LL325(. .4k219|- .ubou8
-375| .87673 - .96kT72(- .57555 |- 57594 (- .57692
.500| .80000 - .500 |- .600 |- .585 |- .602 |- .628 |- .636 |- .63048{- .638hk0{- 63985 - .64103
.625| .71911 - .64000(- (64495 |- .6L6L3 I~ .EWTET
.750| .64000 - .600 |- .607 |- .616 |- .61092|- .61325 |- .61456 |- .61475
.B75] .56638 - .56000(- .56069|- .56151|- .56090
1.000| .50000|- .400 |- 40O |- .500 - .4g2 |- .485 |- .523 |- .4995 [- .4g75 |- .5019 |- .50000 (- 49963 |- .50016 |- .50000
1.125| 44138 - 4390k - 43820(- .43843|- .k3860
1.250]| .3902h4 - .3846 |- .3805 |- .3815 |- .38172|- .3B063|- .3B075]- .3B0S2
1.375) .3L4595 - .33020|- .32916(- .32913|- .284%09
1.500| .30769 - 300 |- .287 (- .290 |- .2882 |- .284h |- .2842 (- .28508(- .28ko0s |- .28h05 |- .28409
1.625| 27468 - .2u616 |- .2k529]- 24521 |~ 24508
1.750| .24615 - L2154 |- .2125 |~ .2121 |- ,21292{- .21215(- .21210|- .21212
1.875| .22145 - .18460(- .18393 (- .18388(- .18391
= 2.0001 .20000] - .200 (- .200 |- .100 |- .1698|- .1626|- .1597 |~ .1624 |- .1604 |- .1599 |- .16060|- .16007{- .16000 |- .16000
2.125| .18130 : - .14020|- .13972|- .13969{- .13971
2.250] .16495 - J12h1 |- L2227 |- 122k |- .1228h{- .12245|- (12241 |- ,122L5
2.375| .15059 - .10808- .10769(- .107T3{- .10771
2.500] .13793 - 1000~ .0928|- .0958 | - .09632 - .09530| - .09509|- .0954k4 |- .09512 |- .09515 |- .09513
Ad 2,625 .12673 - .08456 |- ,08h32(- ,08h31]- 08432
2.750] .11679 - .07586/ - .OT4BH| - .0T505|- .07520(- .07500 |- .07498 |- .07501
2,875 .10793 - 06716 |- 06696~ .06698|- .06698
3.000| ,10000{ © 0 300 |- .0517|- .0660(- .0573 | - .058L6|- .06050] - .05988~ .05972!- .06012 |- .06006!- .06000

y" .

-1.00010.50000{-1.00 |-2.20 |-3.30 {-0.400 [ 0.800 | 3.00 0.320 | 0.9Lk1 0.579 | 0.46410| 0.57505| 0.46037] 0.50000
- .875| .56638 J6h1o | Jb6311| (47381 47083
- .750| .6L000 .320 .320 .353 .351927 .35117| .36181| .36066
~ 625 .71911 L1110 ,11386| .12581) 12798
- .500| .80000 - 500 |- .bOO - .600 |- .3011 |- .3011 |- .2682 |- .26667 |- .26610 |- 25461 |- 25641
- .375| .87673 - 787181~ .78550 |- .78277 |- .T7985
- .250| .94118 -1.318 |-1.318 |[-1.355 [-1.34551|-1.34264 |-1.35189|-1.35345
- .125] ,98k6L ~1.80128 |-1.797hb {-1.82235 [-1.82252
o] 1.00000(-1,00 [-1.00 |- .900 |-1.60 [-1.60 |-1.80 -1.882 |-1.882 [-1.976 |-1.96923 |-1.96503 |-1.99403 |-2.00000
125 .98L6kL | - ~1.80128 [-1.7974k4 1-1.82235 |-1.82252
.250) 94118 -1.318 |-1.318 |[-1.355 [-1.34551 |-1.3426h [-1.35189 |-1.35345
-375| 87673 - 78718 |- .78550 |- .78277 |- .T7985
.500 | .80000 - .400 |- .b0O |- .369 |- .3011 |- .3011 |- .2682 |- .26667 |- .26610 |- .25461 [~ .25641
L6251 71911 L1410 .11386 | .12580| .12798
.750 | .64000 .3200 . 3200 .3581 .35192 1 .35117| .36181) .36066
.875| .56638 Jhéhio | 46311 | k6992 | Lh7083
1.000| .50000| .200 .200 .300 b3l k3 .508 4838 1838 .5015 o7kl ] h9638 | .50091 | 50000
1.1251 L4138 JhToko | w7846 | LLBOS9 [ k8129
1.250( .39024 35y 35k 4396 L43910 | 43817 .39kl | 43805
1.375 | .34595 .38654 1 .38571 | 38571 38665
1.500 | .30769 .338 .338 L34k . 3362 .3362 .3354 .33654 | .33582) .33595| .33508
1.625 | .27468 28718 | .28657 | .28608 | .28699
1.750 | 24615 2462 .2k62 .24ks5 24551 | L2499 | .2hh75 | .24hk2g
1.875 | .22145 .20833 | .20789 | .20757| .20738
2.000] .20000| .200 .200 .300 .182 .182 .77 17760 177600 LA7597| 17628 .17591 | .175k7| .17600
2.125] .18130 15064 | .15032 | .15019| .14956
2.250 | .16k95 12848 | .12848) .12725| 12756 .12729 | .12699| .12735
2.375 1 .15059 .10897 | .1087h | .10853| .10873
2,500 | ,13793 L0966 | .0966 | .0907 .09408| .09408] .09325| .09359 | .09339 | .09323| .09316
2.625 | .12673 .08077 | .08060 | .08053| .0B009
2.750 | .11679 .06960| .06960| .06877| .06923| .06908 | .06896( .06909
2.875 | .10793 .05962 | .05949 | .05936 | .05983
. 3.000 | ,10000 | .200 .200 |- .900 L0966 | .0106 | .0T49 .06960) .04512| .0ske1| .05962 | .oko89 | .05168| .05200
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TABLE II - MATRICES
0

-267.12962  55.55556 =9.16667  1.05820  58.33333 0 0 [¢} ~10,00000 0
b4, 79167 -113.72955 33.12500 -2.15773 O 16.06181 0O 0 0 6.76386

~-2.63605 37.1&286 -112.61347  38.09525 0 0 16.06181 o} 0 0

1.38890 -11.25000 62.50000 -265.97222 O 0 0 58.33333 0O 0

41.66667 O 0 0 -111,08163 12.00307  8.10520 =2.0129% 35.00000 O
0 33.77655 O 0 35.91529 -125.68808 31.41051 -1.85290 O 33.47601

0 0 33.77655 O -2.40380  35.83659 -125.6013hk 31.33227 O 0

o} [} 0 41,66667 -1.45640 4,75186  22.14991 -116.45913 0 o}
-2.38095 0 0 0 35.00000 0 0 0 -111.04163  12.00307
0 -2,10998 © 0 0 33.47601 [¢} 0 35.91529 -125,68808
0 0 -2.10998 © 0 [o} 33.k7601 0O -2.50380 35.83659
0 0 ¢} ~2.38095 0 0 0 35.00000 =1.45640 4,75186

1.19048 0 0 0 ~10.00000 O 0 ] 58.33333 0
[¢} -1.79032 0 0 0 6.76386 © 0 0 16.06181

0 0 -1.79032 0 0 0 6.76386l 0 0 0

o 0 0 1.19048 0 0 [¢} =10.00000 0 0

]

-267.12962  -0,2079723 0.034315% =~0.0039614 -0.2183709 0 0 o] 0.0374350
b4, 79167 -10k,41k123% . 3025257 0189658 - .0936770 = .1538279 O 0 .0160589
-2.63605  36.5946346 -101.4521944% - .3685555 - .0281161 -~ 0554870 ~ .1583190 O 0048199
1.38890 =~10.9611473  59.1363106 -243.9638186 - .0038496 - .0065385 - .0383762 ~ .2391065 . 0006599
L1,66667 8.6655132 1.1917320 4399293 -101.0958821 - ,1325976 - .0822067 .0188707 ~ .3293410
0 33.77655 10.218274k 3.1254019  39.3787054 -114.6833645 -~ .3172683 .0161200 = .1079084
0 0 33.77655 12.4485333 ~1,4062133  37.6056837 -107.9606518 = .3124206 =~ .0317137
[¢} 0 0 k1.,66667 -1,2960000 4.8524510 25.1819075 -98.6827768 ~ 0087949
-2.38095 = 4951716 - .0680989 - 0251388  34.h316722  k.h8Skh2g  L.241B569  .59T1775 -98.9806470
0 -2.10998 - .6383232 -~ .1952401 -~ ,2163554 33.0860528 10.3708186 2.6641098 39.803715h4
[¢} 0 -2.10998 - JCTTT6LMT - .0623180 = .1304243 33‘065611}6 10.1477177 =~1.2898335
0 0 0 -2,38095 - .0091657 = .0167832 - .0974501 34.4006975 -1.1601983
1.19048 . 2475869 0340496 .0125695  ~9.7158349  -1.2482391  ~-1.188860h4 - .1649528  54.9109438
0 -1.79032 = .5h16178 - .165661k - .1835777  6.4329809  1,9337838 4643078 . 7306407
o] 0 ~1.79032 ~ .6598323 - .0528769 = .1106651 6.4156391  1.84938gk .1994372
0 0 0 1.19048 0045829 0083916 .c_)h87252 ~9.7003475 - .0821391

TIPT
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-
M, P, P', V, Q, AND @
(s )
0 0 1.19048 o0 0 0 -10,633.95 =10,633.90
0 0 0 -1.79%032 0 o 16,192.25 16,192.24
6.76386 0 0 [} -1.79032 0 12,948.37 12,948.81
0 =10.00000 0 0 0 1.19048 210,879.21 210,879.16
0 0 ~2.38095 0 0 o -28,623.17 ~28,623.26
0 . [o} 0 -2.10998 0 [} 1,465.22 1,465.38
33.47601 0 0 0 -2.10998 0 ~5,985.97 -5,986.01
0 35.00000 0 0 0 -2.38095 39,737.87 39,737.77
8.10520 =2.0129% L41.66667 O 0 [¢} -60,857.24 -60,857.31
31.41051 -1.85290 © 33.77655 O 0 ~19,234.20 -19,234.19
-125.60134  31.33227 0O 0 33.77655 O -45,213.27 -15,213.12
22.14991 -116.45913 0 0 0 41.66667 -10,311.87 -10,311.84
- o} 0 -267.12962  55.55556  =9.16667 1.05820 ~12,593.27 -12,593.24
o 0 Is, 79167 -113.72955 33.12500 =2.15773 279,277.63 279,277.65
- 16.06181 0 -2.63605 37.14286 -112.61347  38.09525 362,31k.27 362,31k.29
] 58.33333  1.38890 =11.25000  62.50000 -265.97222 1,767, 582.26 1,767,582.19
{a} @
0 0 0 -0.0044566 0O 0 [¢} 39.8082) ~165.778
- 0847792 0O 0 - .0019118  .017i¥3 © 0 ~138,0002 =973.204
- .0233664 . 0666704 O - .0005738 .0061848 0176469 0 -178.4462 -1526.881
- .0027535 = .0_161608 .0409897 . .0000786 .0007288 0042776 - 0048797 ~901.2153] -1592.452
- .00584%00 . .0008562 0001784 0215436 0015458 .0002266 - .0000212 281.6818 -299.186
- .3151405 « 0066747 .0011783 0067811 0245499 .0017667 = 0001403 2.8409 -1718.430
- .1173240 . 3351118 0051345 0018529 .0105503 .0261707 = 0006113 =106.9779) -2789.769
~ .0k65208 o 0926545 - .3359990 000500k 0041868 .0085683 0219044 -814.0599 -290k, ko1
- 1425472 . 0973574 .0186346 = 4129549 0020374 .0013189 0000935 703. 5440 =-549.735
-108.400133% - 3614651 .0164546 - ,1493731 - .3026124k 0036258 0004802 411.1965 -3247.006
39.9112882 -99.4336322 - .341649T - .0539286 - 1177253 = .3200843 0022621 v502.6303 -5089. 370
6.1634932 27.3809686 -95.5275121 - .0199028 - .0518187 - .0911553 = 4274860 - .6088 -5294,207
7.2470032 7.537§636 1.3861196 -242.7113753 = .2416L65 .0272843 - .0067061 228.7089 -101%.156
18.311573%  7.3851759  2.353539h  48.2264553 -95.6904192 -~ .3587721 .0090153 -2681.7607 -5923. 307
. 7883387 18.5566855 6.9388359 - ~1.3093557 39.54T6886 -91.8021580 = 4424078 -5012.7002 -9277.338
- 14513107 -1.0342833 54.68055688 2.3247851 - 8.0738959 6L.2624144 -213.8575898 ~9639.6072 ~9639.607
"



TABLE III - COMPARISON OF RESULTS

NACA TN 2214

P mﬁy
At | Relaxation Relaxation Matrix Exact
gsolution with | solution with solution with value
difference fourth-degree fourth-degree
correction differentiation | differentiation
(reference 3) | formula (16) formula (16)
1 -169 -165 -166 -168
2 -981 =972 -973 -978
3 -1536 -1526 -1527 -1531
4 -1596 ~1593 -1592 -1593
2 =307 -298 -299 =305
6 -1783 -7 -1778 -1781
T -2791 -2790 -2790 -2790
8 -2901 -2905 -2904 -2902
9 =560 -549 -550 -556
10 -3248 -3247 -3247 -3245
11 -5083 -5090 -5089 -5083
12 -5283 -5295 -5294 -5288
13 -1019 -101k -1014 -1014
1k -5918 -5923 -5923 -5914
15 -9264 -9278 -9277 -9262
16 -9628 -9640 -9640 -9636

TT%1
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Figure 2. - Numbering system.
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Figure 7. - Boundary values and order in which ® is numbered.
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-2674130 58,3
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Figure 8. - Coefficients used to compute residuals,
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Figure 9. - Improvement pattern.




THREE-POINT DiFFERENTIATION COEFFICIENTS

NACA TN 2214

2
[ .
(O demny® 2 28 vy 4R (i-0,2)
1.0
E
1,6 1,0 1.0 2
By b B b B, b 5 TE T
2“0 2% 252 bzf‘j’(z)
-10.90909091 | 11.00000000 | -0.090909091 0.0183 0.10
- 9.99180999 | 10.09090909 | - .099099099 .0204 1.
- 9.22619048 9.33333333 | - .1071k2857 L0204 .12
- 8.577263k4 8.69230769 | - .11504h2L8 0248 .13
- 8.02005012 8.1k28571k | - .122807018 L0266 et
- 7.53623188 7.66666667 | - .130434783 0288 15
- 7.11206896 7.25000000 { - .13793103k .0309 .16
- 6.73705380 | 6.8823529L | - 145299145 .0332 A7
- 6,50301318 | 6.55555556 | - .152542373 L0354 .18
- 6.10349k03 6.26315789 | - .159663866 L0371 .19
- 5.83333333 6.00000000 | - 166666667 .0k00 .20
- 5.5883510k | 5.76190k76 [ - .173553719 .ok2k .21
- 5.36512668 5.54545455 | - ,180327869 LOL4T 22
- 5.16083422 5.34782609 | - .186991870 LOhT72 .23
- 4.97311828 5.16666667 | - .193548387 .0h96 2k
~ L, 8CON0000 5.00000000 | - .200000000 0521 .25
- L.63980464 4,84615385 | - .206349206 L0546 .26
- 4.49110528 | 4.,70370370 | - .212598425 L0572 .27
- k,35267857 4.57142857 | - .218750000 L0597 .28
- 4,22346966 4. k4827586 | - 224806202 .062h .29
- 4,10256410 4.33333333 | - .230769231 L0650 .30
- 3.98916523 k. 22580645 | - 236641221 L0677 31
- 3.88257576 k,12500000 | - .2h2hph2h2 L0704 .32
- 3.78218273 | 4.03030303 | - .248120301 0732 .33
- 3.687b4513 | 3.9b117647 | - 253731343 L0759 .3k
- 3.59788360 3.85714286 | - .259259259 .0788 35
- 3.51307190 3.777177778 | - 264705882 L0816 .36
- 3.43262971 3.70270270 | - .270072993 0845 W37
- 3.35621663 3.63157895 | - ,275362319 L0874 .38
- 3.28352702 3.56410256 | - .280575540 090k .39
- 3.21428571 3.50000000 | - ,285714286 .0933 Who
- 3.1h824k25 3.43902439 | - .290780142 L0964 RS
- 3.08517773 | 3.38095238 | - .295774648 .0994 R
- 3.,02488209 3.325581%0 | - .300699301 .1025 R
- 2.96717172 3.27272727 | - .305555556 .1056 b
- 2.91187739 | 3.22002222 | - ,31034L4828 .1088 A5
- 2,85884455 | 3.1739130h | - 315068493 1119 L6
- 2.80793168 3.12765957 | - .319727891 1152 A7
- 2,75900901 3.08333333 | - .32432432L .1184 48
- 2.71195727 3.04081633 | - 328859060 1917 49
- 2,66666667 3.00000000 | - .333333333 .1250 .50
- 2.62303597 2,96078431 | - .33774834k 1284 .51
- 2.58097166 | 2.92307692 | - .342105263 1317 .52
- 2.5k038722 2.886792k5 | - .3h6h0%229 1352 .53
- 2.50120250 2.85185185 | - .350649351 .1386 Sk
- 2,46334311 | 2.81818182 | - .354838710 1421 55
- 2.42673993 | 2.78571k29 | - .35897k359 1456 .56
- 2.39132864 2.75438596 | - .363057325 .1kg2 .57
- 2.3570h932 | 2.72413793 | - .367088608 1527 .58
. 2.32384607 | 2.69491525 | - .371060182 156k .59
- 2,29166667 | 2.66666667 | - .375000000 L1600 .60
- 2.260k6227 2.63934426 | - .378881988 1637 .61
- 2.23018718 2.61290323 | - .382716049 167k .62
- 2.20079852 2.58730159 | - 386503067 L1712 .63
- 2,17225610 2.56250000 | - 390243902 L1749 .64
- 2,1h452214 2.53846154 | - .39393939%% .1788 .65
- 2.11756115 2.51515152 | - .397590361 .1826 .66
- 2.09133971 | 2.49253731 | - .101197605 .1865 67
- 2.06582633 247058824 | - .LOMT61905 .190h .68
- 2.0k099134 2.44927536 | - .k0828k0O2L L1944 .69
‘g2 XX
152 152 152 2 _X27%1 _p
- B, a - ,Bj a - Bga pop—=2
272 27 2-0 azf(z)(é) X, -Xp "a

1(a)

1411



TIPT

NACA TN 2214

THREE-POINT DIFFERENTIATION COEFFICIENTS

2

o'y, :20 By e R (i-0,2)

10
E
1% a 1.0 10 1,0 _2
r X, b ZBO b ZBI b 282 b b2f(3)(E)
0.70 - 2,01680672 | 2.42857143 -0.411764706 0.1983 0,70
T - 1.99324603 2.40845070 - Q15204678 2024 W71
.12 - 1,97028424 2.38888889 - 418604651 2064 T2
.73 - 1.94789770 2.36986301 - 421965318 .2105 .73
Tk - 1.92606k00 | 2.35135135 | - 425287356 2146 Ik
.75 - 1.90476190 | 2.33333333 - k28571409 .2188 15
.76 - 1.88397129 | 2.31578947 | - k31818182 2229 .76
7 - 1.86367305 | 2.29870130 - 135028249 2272 7
.78 - 1.84384903 2.28205128 - Jh38202247 L2314 .18
.19 - 1,82448200 2.26582278 - A413k0782 .2357 19
.80 - 1.80555556 | 2.25000000 | - JLhhhhlll L2400 .80
.81 - 1,78705409 | 2.23456790 - J4L7513812 2y .81
.82 - 1,7689627h | 2.21951220 | - .450549L5L 2487 L
.83 - 1.75126736 | 2.20481928 | - .1453551913 2532 .83
¥ - 1.73395445 | 2.19047619 | - .h56521739 2576 X
.85 - 1.71701113 | 2.176%7059 - h594s59459 2621 .85
.86 - 1,70042511 2.16279070 - 462365591 2666 .86
.87 - 1.68418465 2.149%2529 - Jb65240642 L2712 .87
.88 - 1.66827853 2,13636364 - 168085106 2757 .88
.89 - 1.6526%9603 2.12359551 - JL70899471 2804 .89
.90 - 1.63742690 | 2.11111111 | - 473684211 .2850 .90
.91 - 1,62246131 2.09890110 - 476439791 2896 W91
.92 - 1,60778986 2.08695652 - 179166667 2944 .92
.93 - 1.59340353 2.07526882 - 181865285 .2992 .93
SOk - 1.57929370 | 2.06382979 | - 484536082 .3039 Sk
.95 - 1.56545209 | 2.05263158 | - k87179487 .3088 .95
.96° - 1.55187075 2,0k166667 - 189795918 3136 .96
97 - 1.53854205 2,03092784 - .h92385787 23185 .97
.98 - 1.,52545867 2,02040816 - .hohglghes 3234 .98
.99 - 1.51261357 | 2.01010101 | - h97h8TL3T 3284 .99
1.00 - 1,50000000 | 2.00000000 ~ 4500000000 .3333 1.00
1.01 - 148761145 | 1.99009901 | - .502487562 .3384 1.01
1.02 - 147544166 | 1.98039216 | - 504950495 3434 1,02
1.03 - 1.h6348462 1.97087379 - 507389163 3485 1.03
1.04 - L.4517345k 1.96153846 - 509803922 .3536 1.0k
1.05 - 1.4k018583 1.95238095 - .512195122 .3588 1.05
1.06 - 1.42883912 | 1.94339623 - 514563107 .3639 1,06
1.07 - L.42767123 | 1.934579%k | - .516908213 3692 1.07
1.08 - 1.40669516 1.92592593 - .519230769 J37kk 1.08
1.09 - 1.39590009 | 1,91743119 | - 521531100 3797 1.09
1.10 - 1.38528139 | 1.90909091 | - .523809524 .3850 1.10
1,11 - 1.37h83455 | 1.90090090 | - .526066351 3904 1.11
1,12 - 1.36455526 | 1.89285714 | - .528301887 .3957 1.12
1.13 - 1.354k3932 1,88495575 - 530516432 Jho12 1.13
1.1% - 1.34448270 | 1.87719298 | - .532710280 4066 1.14
1.15 - 1.33468150 | 1.86956522 | - .534883721 RT3 1.15
1.16 - 1.32503193 1.86206897 - .537037037 L4176 1.16
1.17 - 1.31553035 | 1.85470085 - 4539170507 he3e 1.17
1.18 - 1.30617322 1.847hk5763 - J5h128Kh04 JA287 1.18
1.19 - 1.2969571% | 1.84033613 - 543378995 43kl 1.19
1.20 - 1.28787879 | 1.83333333 | - .5u545kSLS koo 1.20
1.21 - 1.27893497 | 1.826M4628 | - .Sh7511312 Jh57 1.21
1.22 - 1.27012258 | 1.81967213 - 549549549 4510 1.22
1.23 - 1,26143862 1,.81300813 ~ .551569507 J572 1.23
1.2k - 1.25288018 1.80645161 - 553571429 L4629 1.2k
1.25 - 1.oWhhLLkY | 1,.80000000 | - .555555556 4688 1.25
1.26 - 1.23612867 | 1.79365079 | - .55752212k J7h6 1.26
V| iERE | DESR CRem | 4% | 13
1.29 - 1.21187502 1.77513380 - .22%313?%? - hok i:%%
12 _
_ 1n2 152 _ g2 £ X b
af ")

1(b)




THREE~POINT DIFFERENTIATION COEFFICIENTS

2
(D' yexy” 2 B ¥; * R
j®0

NACA TN 2214

~_NACA —~

= ;E'
™0 a [N Inl Il
X%, b Bo b 2By b Bab o% 5T )

0.10 -9.09090909 | 9.00000000 | 0.090909091 -0.0167 0.10
11 -8.19000819 | 8.09090909 099099099 - .0183 W11
.12 -7.44047619 | 7.33333333 107142857 - .0200 12
13 -6.80735194 6.69230769 11504248 - .o0217 .13 ]
14 -6.26566416 | 6.14285T1kh 122807018 - .0233 .1b ﬁj
15 -5.79710145 | 5,66666666 .130434763 - .0250 .15 ad
.16 -5.38793103 5.25000000 137931034 - 0267 .16
17 -5.02765209 }4,88235294 145299145 - .0283 i
.18 -4.,70809793 | 4.55555556 152542373 - ,0300 .18
.19 -4, 42282176 4,26315789 159663866 - 0317 .19
.20 -l 16666667 4,00000000 . 166666667 - .0333 .20
21 -3.93545848 | 3.76190476 173553719 - 40350 .21
.22 -3.72578241 3.54545454 .180327869 - .0367 22
.23 -3.53481796 | 3.34782609 186991870 - .0383 .23
.2k -3,36021505 3.16666667 193548387 - .0koo -0
.25 -3.,20000000 | 3.00000000 200000000 - .okt 25
.26 -3.05250305 2.84615385 206349206 - .0h33 .26
.27 -2.91630213 2.70370370 212598425 - 050 .27
.28 -2,79017857 2.57142857 218750000 - .0L67 .28
.29 -2.67308206 2. 44827586 204806202 - 0483 .29
.30 -2.56410256 2.33333333 230769231 - .0500 .30
.31 -2, 46240767 2.22580645 236641221 - L0517 .31
.32 -2.367hok2k | 2,12500000 2lpkkolo - .0533 32
.33 -2.27842333 2.03030303 248120301 - .0550 .33
.34 -2.19490781 1.94117647 .253731343 - L0567 .34
.35 -2,11640212 | 1.85714286 259259259 - .0583 .35
.36 -2.04248366 177777778 264705882 ~ 0600 .36
.37 -1,97277570 1.70270270 .270072993 - L0617 37
.38 -1.9069k127 1.,63157895 275362319 - .0633 .38
.39 ~1.84467810 1,56L10256 .280575540 - 0650 .39
4o -1.78571429 1..50000000 285714286 - L0667 R}
RS S -1,72980453 1,43902439 .290780142 - 0683 A5
Rt -1,67672703 1.38095238 29577648 - ,0700 RT
43 -1.62628070 1.32558140 300699301 - 0717 A3
b -1,57828283 1.27272727 .305555556 - .0733 4k
R) -1,53256705 | 1.22222222 310344828 - .0750 A5
46 -1.48898154 1.1739130% .315068493 - L0767 46
R -1.44738747 1.12765957 .319727891 - .0783 R
.8 -1.40765766 1.08333333 .324324324 - 0800 .48
R -1.36967539 | 1.04081633 .328859060 - L0817 R
«50 -1.33333333 1.,00000000 .333333333 - 0833 50
.51 -1.29853266 960784314 337748344 - 0850 .51
52 -1.26518219 923076923 342105263 - ,0B67 .52
.53 -1.23319768 .886792453 346405229 - .0883 .53
.5h -1.20250120 .851851852 350649351 - ,0%00 .5k
.55 -1.17302053 .818181818 .354838710 - ,0917 V55
.56 -1.14468864 785714286 358974359 - .0933 .56
.57 ~-1.11744329 . 754385965 363057325 - .0950 ST
.58 -1.0912265% 724137931 367088608 - 0967 .58
.59 -1.065984k44 694915254 371069182 - .0983 .59
.60 -1,04166667 666666667 +375000000 - 1000 .60
.61 -1,01822625 .6393kk262 .378881988 - .1017 .61
.62 -0.995619275 612903226 .382716049 - .1033 .62
.63 - 973808655 587301587 .386503067 - .1050 .63
.64 - 952743902 562500000 +390243902 - .lo67 N
.65 - 932400932 .538461538 .393939394 - .,1083 .65
.66 - J9127k1877 .515151515 397590361 - 1100 .66
.67 - .893734918 492537313 k01197605 - .17 .67
.68 - 8715350140 170588235 LLol761905 - .1133 .68
.69 - .857559386 4h9275362 408284024 - .1150 .69

1.1
E X=X
11 I 1.1 2 271 b
- a -8 a - By a X <. -a
282 2% 20 2f(3)(5) X|=Xg A




NACA TN 2zl4

THREE-POINT DI FFERENTIATION COEFFICIENTS

2
| [P} st
A(D Y)x_xl? Z 2BJ' Yyt 2R

J=0
!
X=X [IN] 1o b (N 2
reglgd-2 B, b B, b B, b —
X b 2% 2°1 292 bzf(3)(5)
0.70 -0.840336134 | 0.428571429 | 0.411764706 -0.1167
71 - 823655383 .Lo8L50Tol 415204678 - ,1183
.12 - .80Th93540 .388888889 418604651 - .1200
.13 - 791828332 36986301k 421965318 - .1217
ST - .776638708 .351351351 425287356 - .1233
15 - 761904762 333333333 428571429 -+ ,1250
.76 - 7607656 31578947k 431818182 - 1267
7 - .733729547 298701299 435028249 - .1283
.18 - 720253529 .282051282 438202247 - .1300
.19 - 707163567 265822785 hk13ko782 - 1317
.80 = JEOLLLLNLY 250000000 RATTIRNAT - .1333
.81 - 682081713 234567901 J4T7513812 - .1350
N - 670061646 .219512195 450549451 - .1367
.83 - .658371190 204819277 453551913 - .1383
K - 646997930 190476190 456521739 - .1hk00
.85 - 635930048 176470588 k59459459 - kLT
.86 - .625156289 162790698 462365591 - L1433
.87 - 614665929 .149ho5287 L652k0642 - 1450
.88 - J60LLLEBTL3 .136363636 468085106 - J1h67
.89 - 594Lgk9TT .123595506 470899471 - 1483
.90 - 584795322 L111111111 b73684011 - .1500
91 - 575340889 0989010989}  .LT76439791 - 1517
.92 - 566123188 .0869565217| 479166667 - .1533
.93 - 557134102 .0752688172]  .4B1865285 - .1550
W9 - 548365876 .0638297872;  .hBU536082 - 1567
.95 - .539811066 ,0526315789| . 48TL79487 - .1583
.96 - 531462585 .0k16666667, 489795918 - .1600
.97 - .523313622 .0309278351| .k92385787 | - .1617
.98 - 4515357658 .0204081633|  4OLGUOU9S - .1633
.99 - 5075884h7 ,0101010101] L L9TLBTU3T - .1650
1.00 - 500000000 .000000C000| 500000000 - L1667
1.01 - 92586572 | - .0099009901! 502487562 - 1683
1.02 - 485342652 | - 0196078431 504950495 - .1700
1.03 - 478262949 | - ,0291262136] .507389163 - .1M7
1.0 - 171342383 | - 0384615385 509803922 - .1733
1.05 - LgksT60TE | - ,OBWT6L90LTE| 512195122 - 1750 1.
1.06 - 1457959333 | - 0566037736 .514563107 - L1767 1.
1.07 - 451487652 | - 0654205607 516908213 - .1783 1.
1.08 - .Lh5156695 | - .OTLOTHOTEL|  .519230769 - .1800 1.
1.09 - .438962293 | - 0825688073 .521531100 - 1817 1.
1,10 - 132900433 | - .0909090909| .52380952k - .1833 1.
1.11 - 426967252 | - .0990990991!  .526066351 - .1850 1.
1.12 - .421159030 | - 107142857 .528301887 - 1867 1.
1.13 - Lbsh7e18h | - 115044248 530516432 - ,1883 1.
1.1k - 109903263 | - .12280701L8 532710280 - L1900 1.
1.15 - .Lohuk8938 | - 130434783 534883721 - 2917 1,
1.16 - .399106003 | - ,137931034 537037037 - .1933 1.
1,17 - .393871362 | - 145299145 539170507 - .1950 1.
1.18 - .388742031 | - 152542373 .5k1284h0L - 1967 1.
1.19 - .383715130 | - ,159663866 543378995 - .1983
1.20 - .378787879 | - 166666666 5h5hshshs - 2000
1l.21 - 373957593 | -~ .173553719 547511312 - 2017
1,22 - .369221681 | - .180327869 549549549 - .2033
1.23 - 364577637 | - 186991870 551569507 - .2050
1.24 - .360023041 | - ,193548387 553571429 - 2067
1.25 - 4355555556 | - 200000000 .555555556 - .2083
1.26 - .351172918 | - ,206349206 557522124 - .2100
1.27 - .346872940 | - .212598k25 559471366 - 2117
1,28 - 342653509 | - .218750000 561403509 - .2133
1.29 - .338512576 | - .224806202 563318777 - 2150
[
E
1 1! o) 2
- B2 - B a - By a a2f‘31(5)




50

THREE-POINT DIFFERENTIATION COEFFICIENTS

[N}

2
14 R
X =X IE2
i™0_a 12 152 | 2
r= = By b 8 b B2 b T
X;=%, " b 2" 27 2%2 b2 @

0.10 9.09090909 -11,00000000 | 1.80909091 0.1833 0.10
.11 8.19000819 -10.09090809 | 1,90090090 .1850 W11
.12 7.44047619 - 9.33333333 | 1,89285714 ,1867 .12
.13 6.80735194 - 8.69230769 | 1.88495575 ,1883 13
14 6.26566416 - 8,14285714 1.87719298 .1800 .14
.15 5.79710145 - 7.66666667 1.86956522 .1917 .15
.18 5.38793103 - 7.25000000 | 1.86206897 .1933 .16
W17 5.02765209 - 6.88235294 1,85470085 .1950 W17
.18 4,70809793 - 6.55555556 1.84745763 1967 .18
.19 4.42282176 - 6.26315789 | 1,84033613 .1983 .19
.20 4.16666667 - 6.00000000 | 1.83333333 .2000 .20
.21 3.93545848 - 5.76190476 | 1,82644628 .2017 .21
.22 3.72578241 - 5.54545455 1.81967213 2033 .22
.23 3.53481796 - 5.34782609 | 1.81300813 .2050 .23
.24 3.38021505 - 5.16666667 1.80645161 2067 .24
.25 3.,20000000 - 5.00000000 | 1.,80000000 ,2083 .25
.26 3,05250305 - 4.84615385 | 1.79365079 2100 .26
.27 2.91630213 - 4,70370370 | 1.78740157 .2117 .27
.28 - 2.79017857 - 4.57142857 1,78125000 .2133 .28
.29 2.67308206 - 4.44827586 1.77519380 .2150 .29
.30 2.56410256 - 4.33333333 | 1.76933077 2167 .30
.31 2.46244767 - 4.22580845 | 1.76335878 .2183 .31
.32 2.36742424 - 4.12500000 | 1.75757576 .2200 .32
.33 2,27842333 - 4.03030303 1.75187970 .2217 .33
.34 2.19490781 - 3.94117647 1.74626866 .2233 .34
.35 2.11640212 - 3,85714286 1.74074074 .2250 .35
.36 2.04248366 - 3.77777778 | 1.7352%412 .2267 .36
.37 1.97277570 - 3.70270270 | 1.72992701 .2283 .37
.38 1.90694127 - 3.63157895 1.72463768 2300 .38
.39 1.84467810 - 3.56410256 | 1.71942446 2317 .39
.40 1.79571429 - 3,50000000 | 1.71428571 2333 .40
.41 1.72980453 - 3.43902439 | 1.70921986 .2350 41
.42 1.67672703 - 3,38095238 | 1.70422535 2367 42
.43 1.62628070 - 3,32558140 | 1,69930070 .2383 .43
.44 1.57828283 - 3,27272727 1.69444444 .2400 A4
.45 1.53256705 - 3,22222222 1.68965517 2417 .45
.46 1.48098154 - 3,17391304 1.68493151 ,2433 .48
.47 1.44738747 - 3.12765957 1.68027211 2450 47
.48 1,40765766 - 3.08333333 1.67567568 2467 .48
.49 1.36967539 - 3.04081633 1.67114094 .2483 .49
.50 1.33333333 - 3,00000000 | 1.66666667 .2500 .50
.51 1.29853266 - 2.96078431 | 1.66225166 .2517 .51
.52 1.26518219 - 2.92307692 1.6578%474 .2533 .52
.53 1,23319768 - 2.88679245 | 1.65359477 .2550 .53
.54 1.20250120 - 2,85185185 1.64935065 .2567 .54
.55 1.17302053 - 2.81818182 1.64516129 .2583 .58
.56 1.14468864 - 2.78571429 | 1.64102564 .2600 .56
.57 1.11744329 - 2.75438596 | 1.63694268 .2617 .57
.58 1.09122654 - 2.72413793 1.63291139 - .2633 .58
.59 1.06598444 - 2.69491525 1,62893082 2650 .59
.60 1.04166667 - 2.666€6667 1.62500000 L2667 .60
.61 1.01822625 - 2.63934426 | 1,62111801 .2683 .61
.62 0.995619275 - 2,61290323 1.61728395 2700 .62
.63 . 973804655 - 2,58730159 | 1.61349693 .2717 .63
.64 952743902 | - 2.56250000 | 1.60975610 .2733 .64
.65 . 932400932 - 2,53846154 | 1.60808061 .2750 .65
.66 .912741877 | - 2.51515152 1.60240964 .2767 .66
.87 .893734918 | - 2.49253731 1.59880240 2783 .67
.68 875350140 | - 2.47058824 | 1,59523810 .2800 .68
.69 . 857559386 - 2.44927536 | 1.59171598 .2817 .69

1.0

TN 189 5 g0 2t X2 b
= = (3]

2°2 Fad| 2% a2 @© X g a

3(a)

NACA TN 2214

TT%T



LaLL

NACA TN 2214

THREE-PCINT DIFFERENTIATION COEFFICIENTS

R 20

2
i
(D'y)x_xl- JZO: ZBJI yj +

X (=X 'Ez
10 _a 1,2 [ 102 2
"3%,"b o b 2Bf b P PP
0.70 0. 840336134 - 2.42857143 | 1,58823529 0.2833 0.70
.1 .823655383 | - 2.40845070 | 1.58479532 .2850 1
.12 .B07493540 | - 2.38889889 | 1.58139535 .2867 .72
.73 .791828332 | - 2,36986301 | 1.57803468 .2883 .73
.4 .776638708 | - 2.35135135 | 1,57471264 .2900 .74
.15 LT61904762 | - 2,33333333 | 1,57142857 ,2917 .15
.76 .747607656 | - 2,31578947 | 1.56818182 2933 .76
.17 .733729547 | - 2.29870130 | 1,56497175 .2950 W77
.78 .720253529 | - 2.28205128 | 1,56179775 .2967 .78
.79 .707163567 | - 2.26582278 | 1.55865922 .2983 .79
.80 694444444 - 2.25000000 | 1.,55555556 .3000 .80
.81 .682081713 | - 2,23456790 | 1.55248619 3017 .81
.82 .670061646 | - 2,21951220 | 1,54945055 3033 .82
.83 .658371190 | - 2.20481928 | 1.54644809 .3050 .83
.84 .646997930 | - 2,19047619 | 1.54347826 3067 .84
.85 635930048 | - 2,17647059 | 1.54054054 .3083 .85
.86 625156289 | - 2,16279070 | 1.53763441 .3100 .86
.87 .614665929 | - 2,14042529 | 1.5%475936 .3117 .87
.88 .604448743 | - 2,13636364 | 1.53191489 3133 .88
.89 .594494977 | - 2,12359551 | 1.52910053 3150 .89
.90 .584795322 | - 2,11111111 | 1.52631579 .3167 .90
.9 .575340889 | - 2.09890110 | 1.52356021 .3183 .91
- »92 .566123188 | - 2,08695652 | 1.52083333. .3200 .92
.93 . 557134102 - 2.07526882 | 1.51813472 3217 .93
.94 548365876 | - 2.06382979 | 1.51546392 3233 R:T3
. .95 .539811066 | - 2.05263158 | 1.51282051 .3250 .95
.96 531462585 ~ 2.04166667 1.51020408 .3267 .96
.97 523313622 - 2,03092784 | 1.50761421 .3283 .97
.98 .515357658 | - 2,02040816 | 1,50505051 .3300 .98
.99 .507568447 | - 2.01010101 | 1.50251256 3317 .99
1.00 .500000000 | - 2.00000000 | 1.50000000 3333 1.00
1.01 492506572 | - 1.99009901 | 1.49751244 .3350 1.01
1.02 .485342652 | - 1,98039216 | 1.49504950 3367 1,02
1,03 .478262949 | - 1.97087379 | 1.49261084 .3383 1.03
1.04 .471342383 | - 1,96153846 1.49019608 3400 1,04
1.05 .464576074 | - 1.95238095 | 1.48780488 3417 1.05
1,06 .457959333 | - 1,94339623 | 1,48543689 L3433 1.06
1.07 .451487652 | - 1,93457944 1.48309179 .3450 1,07
1.08 445156695 - 1.92592593 | 1.48076923 3467 1.08
1.09 .438962293 | -~ 1,91743119 | 1.47846890 3483 1.09
1,10 .432900433 | - 1.90909091 | 1.47619048 3500 1.10
1.11 426967252 | - 1,90090090 | 1.47393365 3517 1.11
1.12 421159030 | - 1.89285714 | 1.47169811 .3533 1.12
1,13 .415472184 - 1.88495575 | 1,46948357 .3550 1.13
1.4 409903263 - 1.87719298 | 1.46728972 3567 1,14
1.15 404448938 | - 1,86956522 | 1.46511628 .3583 1.15
1.16 .399106003 | - 1.86206897 | 1.46296296 .3600 1.16
1,17 .393871362 | - 1,85470085 | 1.46082949 .3617 1.17
1.18 .388742051 | - 1.84745763 | 1.45871560 3633 1.18
1,19 .383715130 | - 1.84033613 | 1.45662100 3650 1.19
1.20 .378787879 | - 1.83333333 | 1,45454545 .3667 1.20
1.21 .373957593 | - 1,82644628 | 1.45248869 .3683 1,21
1.22 .369221681 | - 1,81967213 | 1.45045045 .3700 1,22
1.23 .364577637 | - 1.81300813 | 1,44843049 J3717 1.23
1.24 .360023041 | - 1,80645161 | 1.44642857 3733 1.24
1.25 355555556 | - 1,80000000 | 1.44444444 .3750 1.25
- 1.26 2351172918 | - 1,79365079 | 1.44247788 L3767 1.26
1.27 346872940 | - 1,78740157 | 1.44052863 .3783 1.27
1,28 .342653509 | - 1,78125000 | 1.43859849 .3800 1,28
1.28 .338512576 | - 1,77519380 | 1.43668122 3017 1.29
- €0 X=X
150 1,0 1,0 2 2751 b
- LB, a - B a - B a —_— p--2_1.0
2%2 2% 2% azf‘3’(5) X% @

51



NACA TN 2214
THREE—-POINT DIFFERENTIATION COEFFICIENTS
z 2gi 2qi
— ] . ] .
o= 5 2800+ 380 (012
e
20 2r! 2c2
ZBi b2 ZBi b2 ZBi D2 2E 2E ZE
20 21 22 (3} t3)
of 3@ | bt @ | bt
18,1818182 -20,0000000 1,81818182 ~0,4000 | =0,3000 0,7000 0,10
16.3800164 -18,1818182 1.80180180 - ,4067 | ~ .,2967 7033 «11
14,.8809524 -16.,6666667 1.78571429 +4133 | ~ ,2933 »7067 .12
13.6147039 =15.,3846154 1,76991150 - .4200| « ,2900 7100 213 =
12,5313283 -14,2857143 1.75438596 - L4267 | = 2867 «7133 PRE) ﬁ:
11.5942029 ~13,3333333 1.73913043 - 44333 | = .2833 7167 .15 e
10.7758621 ~12,5000000 1.72413793 - ,4400 (| - ,2800 .7200 .16
10.0553042 ~11.7647059 1,70940171 - 4467 | - 2667 7233 .17
9,41619586 ~11,1111111 1.69491525 - o4533 | = 2733 7267 .18
8,84564352 «10,5263158 1.680867227 - 4600 | = L2700 «7300 .19
8,33333333 ~10,00000000 | 1,56666667 - 4666 | - 42667 £ 7333 .20
7.87081696 - 9,52380952 | 1..65289256 - 4733 | - L2633 7367 .21
7.45156482 - 9,09090909 | 1.63934426 - ,4800 | = 2600 7400 22
7.06963592 - 8.69565217 | 1.62601826 - L4867 | - <2567 « 7433 023
6,72043010 - 8.33333333 | 1.61290323 - 4933 | - 2533 7467 24
6 40000000 - 8.00000000 | 1.60000000 - 5000 | - 2500 7500 .25
6.10500610 - 7.69230769 | 1.58730159 - 50687 | - .2467 . 7533 26
5.83260428 - 7.,40740741 | 1.57480315 - 5133 | = 2433 <7567 27
5.58035714 - 7.14285714 | 1.56250000 - .5200| - .2400 .7600 .28
5,34616412 - 6.,89655172 | 1.55038760 - 5267 | - 2367 « 7633 29
5,12820512 - 6.566686667 1.53846154 - L5333 | - 2333 7667 <30
4,92489534 - 6,45181290 | 1.52671756 - ,5400| - .2300 7700 31
4,73484848 - §,25000000 | 1.51515152 - 5467 | - .2267 7733 .32
4,55684666 - 6,060680606 | 1.50375940 - 5533 | - 2233 7766 «33
4,38981562 - 5,88235294 | 1,49253731 - ,5600] = ,2200 «7800 o34
4,23280424 - 5,71428571 | 1.,48148148 - 5667 | = .2167 .7833 «35
4,08496732 - 5,55555556 | 1,47058824 - 5733 | = 2133 7867 «36
3.94555140 - 5,40540541 | 1.45985401 - ,5800 | - 2100 7900 « 37
3.81388254 - 5.,26315789 | 1.44927536 - 5867 | - .2067 ) #7933 .38
3.68935620 - 5.12820513 | 1,43884892 - 45933 | - 2033 »7967 39
3.57142858 - 5,00000000 { 1.42857143 - 8000 | = 2000 «8000 .40
3.45960906 - 4,87804878 | 1,41843972 - 6067 | = 1967 «8033 .41
34353454086 - 4,76190476 | 1.40845070 - L6133 | - 1933 +80867 .42
3,25256140 - 4,65116279 | 1.39860140 - 6200 | - ,1900 8100 43
3.15656566 - 4,54545455 | 1.38888889 - 62687 | - 1867 «8133 44
3.,06513410 - 4,44444444 | 1.37931034 - 6333 | - .1833 8167 .45
2.97796307 - 4,34782609 | 1,36986301 - 6400 - ,1800 «8200 «46
2.89477493 - 4,25531915 | 1.36054422 - 8467 | - J1767 «8233 47
2.81531532 - 4,16666667 | 1.35135135 - 46533 | - J1733 .8267 «48
2.73835077 - 4,08163265 | 1.,34228188 - .6600 | - 41700 +8300 .49
2,66666667 - 4,00000000 | 1,33333333 - 5667 | - 1667 « 8333 «50
2,59706532 - 3,92156863 | 1.32450331 - 8733 | = 1633 +B367 «51
2.53036437 - 3.84615385 | 1,31578947 - 6800 | - ,1600 .8400 52
2,46639536 - 3,77358491 | 1,30718954 - 6867 | - 1567 «8433 «53
2.40500241 - 3,70370370 | 1.29870130 - ,6933 | = .1533 +B467 .54
2.34604106 - 3,63636364 | 1.29032258 - ,7000 | ~ 41500 8500 «55
2.28937729 - 3.57142857 1,28205128 - JT067 | - 1467 +8B533 «56
2.23488658 - 3,50877193 | 1,27388535 - L7133 | - 41433 8567 «57
2,18245308 - 3,44827586 | 1,26582278 - ,7200 | - .1400 .8600 .58
2.13196887 - 3,38983051 | 1.25786164 - 7267 | - 1367 +8633 «59
2,083333353 - 3,33333333 | 1,25000000 - 7333 | -~ 41333 +8667 .60
2.,03645250 - 3.,27868852 | 1,24223602 - 7400 | - ,1300 +8700 * 461
1,99123855 - 3.,22580645 | 1.23456790 - L7467 | - L1267 8733 .62
1,94760931 - 3.17460317 | 1.22699387 - 7533 | = 1233 <8767 «63
1.90548780 - 3,12500000 | 1,21951220 - ,7600 | -~ 1200 :BBOO 64
1.86480186 - 3,07692308 | 1.21212121 - J7667 | - 1167 +8833 »65
1,82548375 - 3,03030303 | 1,20481928 - J7733 | - 1133 8867 +66
1,78746984 - 2,98507463 | 1,19760479 - L7800 | = ,1100 .8900 «67
1,75070028 - 2.94117647 | 1.19047619 - ,7867 | - 1067 »8933 .68
1.71511877 - 2,89855072 | 1,18343195..{ = 7933 | - .1033 8967 «89
22 %! 20 X=X
) . - 2 2 2 X% p
28' a2 ZBI 32 ZBI a2 P
22 22 2% af(_’:)(E) af(S)(E) af(z)(i) X|-Xg
4(a)
S



LT Ll

NACA TN 2214

THREE-POINT DIFFERENTIATION COEFFICIENTS

2
2 2gi 2pi :
0%y dyex, = }:28] yj *+ 3R (i-0,1,2)
J=0

i ; 2gi 42 2g1 2.2

rX1X0 2 2gi p2 2gi 2 28,‘" b gEO 25 o

R 20 z (31 37 EY)

bf 7 (E) | bf (&) | bf " (&)

0.70 1.68067227 | - 2,85714286 | 1,17647059 | -0,8000 |-0.1000 | 0.9000 0.70
.71 1,64731077 | - 2.81690141 | 1,16959064 | - .8067 |- ,0967 .9033 o71
.72 1.61498708 | - 2,77777778 | 1,16279070 | - .8133 |- ,0933 .9067 $72
W73 1.58365666 | -~ 2,73972603 | 1.15606936 | - ,8200 |- .0900 29100 W73
.74 1.55327742 | - 2.70270270 | 1,14942529 | - .8267 |- ,0867 ,9133 .74
W75 1.52380952 | - 2,66666667 | 1,14285714 | - .8333 |- ,0833 »9167 V75
.76 1.49521531 | - 2,63157895 | 1,13636364 | - ,8400 |- ,0800 +9200 .76
o77 1,46745909 | - 2,59740260 | 1,12994350 | - ,8467 |- ,0767 9233 77
.78 1,44050706 | - 2.56410256 | 1,12359551 | - .8533 |~ ,0733 £ 9267 «78
»79 1.41432713 | - 2,53164557 | 1,11731844 | - ,8600 |- ,0700 +9300 .79
.80 1,38888889 | - 2,50000000 | 1,11111111 | - ,8667 |~ .0667 29333 .80
81 1.36416343 | -~ 2,46913580 | 1,10497238 | - .8733 |- ,0633 +9367 .81
.82 1.34012329 | - 2,43902439 | 1,09890110 | - ,8800 |~ ,0800 +9400 .82
.83 1,31674238 | - 2,40963855 | 1,09289617 | - ,8867 |- ,0567 49433 .83
.84 1.20399586 | - 2.38095238 | 1,08695652 | - .8933 |- ,0533 .9467 .84
.85 1,27186010 | - 2.35294118 | 1,08108108 | - ,9000 |- ,0500 +9500 .85
.86 1,25031258 | - 2,32558140 | 1,07526882 | - ,9067 |- ,0467 .9533 .86
.87 1.22933186 | - 2,20885058 | 1,06951872 | - ,9133 |- ,0433 +9567 .87
.88 1,20889749 | - 2,27272727 | 1.06382979 | - .,9200 |- .0400 «9600 .88
.89 1.18898945 | ~ 2,24719101 | 1,05820106 | - ,9267 |- .0367 29633 .89
.90 1,16950064 | - 2,22222222 |1,05263158 | - ,9333 |- .0333 .9667 «90
W91 1,15068178 | - 2,19780220 | 1.04712042 | - ,9400 |- ,0300 +9700 .91
.92 1.13224638 | - 2,17391304 | 1,04166667 | - .9467 |- ,0267 £9733 .92
.93 1,11426820 | - 2,15053763 | 1.03626943 | - ,9533 |- ,0233 .9767 .93
.94 1,09673174 | - 2,12765957 | 1,03092784 | - ,9600 |~ .0200 .9800 .94
.95 1,07962213 | - 2,10526316 |1,02564103 | - ,9667 |- ,0167 .9833 +95
.96 1.,06292517 | - 2,08333333 | 1,02040816 | - .9733 |- ,0133 .9867 .96
»97 1.04662724 | - 2,06185567 | 1,01522843 | ~ ,9800 |- ,0100 +9900 <97
.98 1.,03071532 | - 2,04081633 | 1,01010101 | - .9867 |~ .0067 .9933 .98
.99 1.01517689 | - 2.,02020202 |1,00502513 | -~ .9933 |- ,0033 +9967 .99

1,00 1.00000000 | ~ 2,00000000 | 1,00000000 | -1,0000 |20 1,0000 1,00

1,01 .985173144 | - 1,98019802 | ,995024876| -1.0067 20033 | 1,0033 1,01

1,02 .970685304 | ~ 1.96078431 | ,990099010| -1,0133 .0067 | 1,0067 1,02

1.03 +956525898 | - 1,94174757 | .985221675| -1.0200 .0010 | 1,0100 1,03

1,04 +942684766 | - 1,92307692 | .980392157| -1.,0267 L0133 | 1,0133 1.04

1,05 .929152148 | - 1,90476190 | .975609756| -1,0333 ,0167 | 1,0167 1.05

1,06 .915918666 | - 1,88679245 | ,970873786| -1,0400 .0200 | 1.0200 1,06

1,07 «902975304 | - 1,86015888 | .966183575| -1,0467 L0233 | 1,0233 1,07

1,08 .890313390 | - 1.85185185 | ,961538462 | -1,0533 0267 | 1.0267 1.08

1,09 2877924586 | -~ 1,83486239 | .956937799| -1,0600 .0300 | 1.0300 1,09

1,10 .865800866 | - 1,81818182 | ,952380952| -1.0667 L0333 | 1,0333 1.10

1,11 .853934504 | - 1.80180180 | .947867299| -1,0733 0367 | 1,0367 1.11

1,12 .942318060 | - 1,78571429 | ,943396226| -1,0800 .0400 | 1.0400 1,12

1,13 .830944368 | - 1.76991150 | .938967136| -1,0867 L0433 | 1,0433 1,13

1,14 .819806526 | - 1,75438596 | .934579439 | -1,0033 0467 | 1,0467 1.14

1.15 .808897876 | - 1,73913043 | ,930232558 | -1,1000 L0500 | 1.0500 1.15

1.16 .798212006 | ~ 1.72413793 | ,925925926 | -1,1067 .0533 | 1.0533 1.16

1.17 .787742724 | - 1.70940171 | ,921658986 | -1.1133 L0567 | 1.0592 1.17

1.18 .777484062 | - 1,69491525 | ,917431193| -1,1200 .0600 | 1,0600 1.18

1.19 2767430260 | ~ 1.68067227 | ,913242009| -1,1267 0633 | 1,0633 1,19

1,20 £757575758 | - 1,66666667 | ,909090909 | -1.1333 L0667 | 1,0667 1,20

1.21 .747915186 | - 1,65289256 | ,904977375! -1,1400 .0700 | 1.0700 1,21

1.22 .738443362 | -~ 1,63934426 | ,900900901 | -1,1467 ,0733 | 1,0733 1,22

1,23 2720155274 | - 1,62601626 | ,896860987 | -1,1533 L0767 | 1.,0767 1,23

1.24 .720046082 | - 1,61290323 | ,892857143 | -1,1600 .0800 | 1.0800 1.24

1,25 .711111112 | - 1.60000000 | ,888888889 | -1,1667 .0833 | 1,0833 1.25

1,26 .702345836 | - 1.58730159 | ,884955752 | -1,1733 0867 | 1,0867 1.26

1,27 .693745880 | - 1.57480315 | ,881057269 | -1,1800 .0900 | 1,0900 1,27

1,28 .685307018| - 1,56250000 | ,8771929682 | -1,1867 L0933 | 1,0933 1,28

1.29 .677025152 | - 1,55038760 | 873362445 -1,1933 20967 | 1.0967 1.29

i v 2| F ' eng
B! a B! a B! a? -— - — TX%g a
Y 27 2% af(s)(é) af"’(&) afu)(z) (el

aThe next order remainder term

is 0.0833  [f'*'(x)es,

4(b)




FOUR-POINT DIFFERENTIATION COEFFICIENTS

NACA TN 2214

! LS gy 4 R i-
('Y =5 > 3C ¥+ 4R (i-0,3)
j=0
IEO
1co 1o ico 1co 3
30 3 372 373 (4)
b ()
-11.3852814 11,5500000 =-0,190909091 0,0261904762 -0,0096 0.10
-10,4657436 10,6459091 ~- 209099099 0289336493 - ,0107 1l
- 9.69788859 9.893533333 ~ .227142857 0316981132 - L0118 .12
- 9.04674701 9.25730769 - 2245044248 +0344835681 - .0130 13
- 8,48733984 8.71285714 - ,262807018 0372897196 - 0142 14
- 8,00134816 8,24166667 - .280434783 »0401162791 - .01856 «15
- 7.57503193 7.85000000 - 297931034 0429629630 - .0167 16 5:
- 7.19788329 7.46735294 - 315299145 +0458294931 - .0180 o17 P
- 6.,86172878 7.14555556 - ,332542373 0487155963 - .0193 +18 [
- 6456011503 6.85815789 - .349663866 +»0616210046 - .0206 +19
- 6.28787878 6.60000000 ~ 366666667 «0545454545 - ,0220 «20
- 6,04083973 6.,36690476 - +38555371¢9 0574886878 - 0234 21
- 5,81557713 6.155454556 - +400327869 0604504505 - .0248 22
- 5.60926471 5.,96282609 - +416991870 0634304933 - 0263 23
- 5.,41954685 5.78666667 - .435548387 .0664285714 - 0278 24
- 5.24444444 5.62500000 - +450000000 »0694444444 - 40293 25
- 5,08228252 5.47615385 - 466349206 .0724778761 -+ .,0308 «26
- 4.93163391 5.33870370 - .482598425 0755286344 - 0324 «27
- 4,79127506 5.21142857 ~ +498750000 .0785964912 - 0340 .28
- 4,66015088 5.09327586 - .514806202 0816812227 - 0557 28
- 4,53734671 4.98333333 - .530769231 .0847826087 - 0374 «30
- 4.42206566 4.88080645 - 546641221 0879004329 - 0391 31
- 4,31361024 4.78500000 - .562424242 .0910344828 - 0408 32
- 4,21136728 4.69530303 - 578120301 ,+0941845494 - .0426 «33
- 4,11479555 4.61117647 - 583731343 +0973504274 - 0444 «34
- 4.,02341551 4,.53214286 - .809259259 100631815 - .0463 «55
- 3.,93680071 4.45777778 - 624705882 .103728814 - .0481 «36
- 3.85457064 4.38770270 - 640072993 106940928 - .0500 37
- 3.77638470 4.32157895 - 655562319 «110168067 - .0520 38
- 3,70193707 4,25910256 - +670575540 113410042 ~ .0540 39
- 3,63095238 4.20000000 - ,685714286 +116666667 - 0560 «40
- 3,56318201 4,14402439 - 700780142 119937759 - 0881 .4l
- 3,49840087 4.09095238 - .715774648 +123223140 - 0601 42
- 5.43640473 4.04058140 - .730699301 .126522634 - 0623 +43
- 3.37700778 3499272727 - +745555556 +129836066 - 0644 .44
- 3.32004066 3.,94722222 = 760344828 133163265 - 0686 45
- 3.26534862 3.980391304 - 775068493 156504065 - .0688 +46
- 3.21278998 3,86265957 - 789727891 .139858300 - 0711 47
- 3,16223482 382333333 - .804324324 +143225806 - 0734 «48
- 3.,11356369 3.785681633 - .818859060 .146606426 - 0757 49
- 5.,06666667 3.'75000000 - 833333333 »150000000 - .0781 50
- 3.,02144234 3,71578431 - 847748344 +153406375 - .0805 «51
- 2,97779706 3.68307692 - .862105263 | .156825397 - .0830 «52
- 2,93564414 3.65179245 - 876405229 160256917 - 40855 83
- 2.89490329 3.62185185 - .890649351 +163700787 - .0880 +54
- 2,85549997 3.59318182 - .904838710 +167156863 - 0906 .55
- 2.81736493 3.56571429 - .918974359 »170625000 - 0932 «56
- 2,78043370 $.53938596 - .,9330587325 174105058 - .0958 57
- 2.74464622 3.51413793 - .947088608 177596899 - .09856 58
- 2,70994646 3.48991525 - .961069182 +181100386 - L1012 «59
- 2.,67628205 3.46666667 - +975000000 184615385 - 1040 «60
- 2,64360404 3444434426 - .988881988 »188141762 - ,1068 61
- 2,61186657 3.42290323 -1.00271605 »191679389 - 1097 «62
-~ 2,58102666 3.40230159 -1.01650307 .195228137 - 1125 «63
- 2,55104398 3.38250000 ~1,03024390 .198787879 - .,1155 64
- 2,52188064 3.563546154 -1.04393939 202358491 - .1184 «65
- 2,49350100 3434515152 ~-1.05759036 205939850 ~ L,1214 66
- 2,46587154 3.32753731 -1.,07119760 «209531835 - 1245 67
- 2,43896066 3.31058824 -1.08476180 +213134328 - 1276 .68
- 2,41273855 3.,20427536 -1.09828402 «216747212 - +1307 69
ig3
- e Ic3 _1¢3 _ g3 3 cc
- e —— p=——
373 372 31 30 {4)
’f'* () ba
5(a)




NACA TN 2214

FOUR-POINT DIFFERENTIATION COEFFICIENTS

3
ici ini -
(0'¥)yax, ='t’? > 3cJ yj *+ IR (i=0,3)
[¢]

1r0

22 1c0 fc0 1o 160 £

4)

bec 370 37 372 3%3 B3 f ®
0,70 ~ 2,38717709 | 3.27857143 | -1.11176471 0,220370370 «0,1339 0.70
W71 - 2,36224972 | 3,26345070 | -1,12520468 .224003690 - 1371 71
.72 - 2.33793130 | 3.24888889 | ~1.13860465 .227647059 .1404 .72
W73 - 2,31419806 | 3.23486301 | -1.15196532 231300366 - .1437 73
74 - 2,29102750 | 3,22135135 | -1.16528736 +234963504 - 1470 .74
.75 - 2,26839827 3.20833333 | -1.17857143 238636364 - .1504 .75
.76 - 2,24629013 3,19578947 | -1.19181818 .242318841 - .1538 .76
77 - 2,22468388 | 3,18370130 | -1.20502825 .246010830 - 1573 77
.78 - 2,20356127 3.17205128 | -1,21820225 +249712230 - .1608 .78
79 - 2,18290494 | 3,16082278 | -1.23134078 .253422039 - .1644 .79
.80 - 2,16269841 3.15000000 | ~1.24444444 257142857 - .1680 .80
.81 - 2,14202598 | 3,13956790 | -1.25751381 .260871886 - 1717 .81
.82 - 2,12357267 3,12951220 | -1.27054945 .264609929 - 1754 .82
.83 - 2,10462425 3.11981928 | -1,28355191 +268356890 - 1791 .83
.84 - 2,08606713 3,11047619 | -1.29652174 .272112676 - .l829 .84
.85 - 2,06788832 3,10147059 | ~1.30945946 .275877193 - .1867 .85
.86 - 2,05007546 | 3,09279070 | -1,32236559 279650350 ~ .1906 +86
.87 - 2,03261670 3.08442529 | -1.33524064 283432056 - .1946 .87
.88 - 2,01550075 | 3,07636364 | -1,34808511 .287222222 - .1985 .88
.89 - 1,99871680 | 3,06859551 | ~1.36089947 291020761 - .2026 .89
.90 - 1,98225449 3.06111111 | -1.37368421 .294827586 - .2066 +90
.91 - 1,96610392 | 3,05390110 | -1.38643979 .298642612 - .2107 .91
.02 - 1.95025561 3,04695652 | =1.39916667 302465753 - .2149 .02
.93 - 1,93470046 | 3.04026882 | -1.41186528 .306296928 - .2191 .93
.94 - 1.91942976 3,03382079 | -1.42453608 +510136054 - 2234 .94
.95 ~ 1.90443514 3.02763158 | -1,43717949 +313983051 - 2277 .95
.96 - 1.88970859 3.02166667 | -1.44979592 317837838 - .2321 .96
.97 - 1,87524238 3.01592784 | -1.46238579 321700337 - 2365 .97
.98 - 1.86102914 | 3.01040816 | -1.47494949 +325570470 - .2409 .98
.99 - 1.,84706173 3.00510101 | =1,48748744 .320448161 - .2454 .99
1,00 - 1.83333333 3,00000000 | ~1.50000000 333333353 - .2500 1,00
1,01 - 1.81983736 2,99509901 | -1.51248756 337225914 - .2546 1,01
1,02 - 1.80656749 2,99039216 | -1.52495050 341125828 - 2593 1,02
1,03 - 1.79351763 2.98587379 | -1.53738916 345033003 - 2640 1.03
1,04 ~ 1,78068191 2.98153846 | -1,54980392 +348947368 - .2687 1.04
1.05 - 1,76805468 2,97738095 | ~1.56219512 352868852 - .2735 1.05
1,06 - 1,75563051 2.97339623 | -1.57456311 +356797386 - .2784 1,06
1,07 - 1.74340413 2,96957944 | -1.58690821 .360732899 - ,2833 1,07
1.08 - 1.73137048 £2.96592593 | ~1.59923077 364675325 - .2883 1,08
1.09 - 1,71952469 2,96243119 | ~1.61153110 .368624595 - .2933 1,09
1,10 - 1.70786203 2,95909091 | -1.62380952 372580645 - .2984 1.10
1.11 - 1.69637796 2,95590090 | -1.63606635 376543408 - .3035 1.11
1.12 - 1,68506808 2.95285714 | -1.64830189 +380512821 - .3087 1.12
1.13 - 1.67392814 2,94995575 | -1.66051643 .384488818 | - .3139 1.13
1,14 - 1.66295404 2,94719298 | -1.67271028 388471338 - 3192 1,14
1,15 - 1.65214181 2.94456522 | -1.68488372 +392460317 - 3245 1.15
1,16 - 1,64148762 2.94206897 | ~1.69703704 +396455696 - .3299 1,16
1,17 - 1,63098776 2,93970085 | ~1.70917051 «400457413 - .3353 1,17
1,18 - 1.62063863 2.93745763 | ~1.72128440 404465409 - .3408 1.18
1,19 - 1.61043676 2,93533613 | -1.73337900 .408479624 - 3464 1.19
1.20 - 1.60037879 2,93333333 | -1.74545455 412500000 - .3520 1.20
1.21 - 1.59046145 2,93144628 | -1,75751131 .416526480 - 3577 1.21
1,22 ~ 1,58068159 2,92067213 | ~1.76954955 +420550006 - 3634 1.22
1,23 - 1.57103615 2,92800813 | -1.78156951 .424597523 - .3601 1.23
1.24 - 1,56152216 2.92645161 | ~1.79357143 428641975 - 3750 1.24
1,25 - 1,55213675 | 2,92500000 | -1.80555556 432692308 - .3809 1.25
1.26 - 1.54287714 2,92365079 | ~1.81752212 +436748466 - .3868 1.26
1.27 - 1,53374061 2,92240157 | -1.82947137 .440810398 - 3928 1.27
1.28 - 1.52472454 | 2,92125000 | -1.84140351 . 444878049 - .3989 1.28
1.29 - 1.51582639 2,92019380 | ~-1.85331878 448951368 - .4050 1.29
IEB
_ i3 _ g3 T _ i3 —— 2 Le
3% 362 sCi 5% b5 4 (5 "ba
5(b)
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FOUR-POINT DIFFERENTIATION COEFFICIENTS

3

NACA TN 2214

! _d Igiy. 4 IRi i=
O, =5 D) JC1 5+ 3R (=12
j=0 .
aa | ;EI

.aa it Il t el —_—

Y 3% 3G 32 3% B35 4
0.10 -8.65800866 8.50000000 | 0.,181818182 | -0,0238095238 | 0,0083 0.10
1 ~7.76304094 7.59090909 1198198198 | - .0260663507 0092 g1
a2 ~7.01931716 6.83333333 .214285714 | - .0283018868 .0100 a2
.13 -6.39187976 6.19230769 230088496 | - .0305164319 .0108 13
4 -5.85576090 5.64285714 245614035 | - ,0327102804 0117 4
.15 -5.39265251 5.16666667 260869565 | - .0348857209 ,0125 .15
.16 ~4.98882503 4.75000000 275862068 | - 0370370370 .0133 .16
17 -4.63378072 4.38235294 ~290598291 | - 0391705069 .0142 17
.18 -4.31935590 4.05555556 .305084746 | - ,0412844037 L0150 .18
.19 -4.03910663 3.76315789 1319327731 | - .0433789954 .0158 .19
.20 -3.78787879 3.50000000 333333333 | - .0454545455 .0167 .20
.21 ~3.56150089 3.26190476 \347107438 | - .0475113112 .0175 .21
.22 -3.35656073 3,04545455 -360655738 | - .0495495495 .0183 .22
.23 ~3.17024032 2.84782609 \373983740 | - 0515695067 .0192 .23
.24 -3.00019201 2.66666667 .387006774 | - .0535714286 -0200 24
.25 -2.84444444 2,50000000 400000000 | - .0555655556 .0208 .25
.26 -2.70133013 2.34615385 1412698413 | - .0575221239 20217 .26
27 -2.56942919 2.20370370 1425196850 | - 0594713656 .0225 .27
.28 -2.44752506 2.07142857 437500000 | - .0614035088 .0233 .28
.29 -2.33456949 - | 1.94827586 .449612403 | - .0633187773 .0242 .29
.30 -2.22965440 1.83333353 461538462 | - .06521739153 0250 .30
31 -2.13198933 1.72580645 .473262443 | - .0670995671 .0258 .51
32 -2.04088297 162500000 .484848485 | - .0689655172 ,0267 .32
.33 -1.95572818 1.53030303 +496240602 | - 0708154506 0275 33
54 ~1.87598958 1.24117647 507462687 | - .0726495726 .0283 34
.35 -1.80119329 1.35714286 518518519 | - .0744680851 0292 .35
36 -1.73091836 1.27777718 529411765 | - 0762711864 -0300 .36
37 -1.66478962 1.20270270 540145985 | - .0780590717 .0308 37
.38 ~1.60247165 1.13157895 .550724638 | - ,0798319328 .0317 .38
39 -1.54366369 1.06410256 561151079 | - .0B15899582 +0325 .39
.40 -1.48809524 1.00000000 571428571 | - (0BB3333333 0333 .40
41 -1.43552243 1939024390 | .581560284 | - .0B50622407 .0342 .41
.42 -1.38572482 1880052381 | .591549206 | ~ .0B67768595 .0350 .42
43 -1.33850263 1825581395 | .601398601 | - ,0BB4773663 .0358 .43
.44 -1.29567445 T772727273 | .611111111 | - .0901639344 .0367 .44
45 ~1.25107514 720222222 | 620689655 | - 0918367347 0375 .45
.46 -1.21055408 1673913043 | .630136986 | - .0934959350 .0383 .46
.47 -1.17197366 1627650574 | .639455782 | - .0951417004 +0392 .47
.48 -1.13520779 1563333333 | .648648649 | - 0967741935 0400 .48
.49 -1.10014087 1540816327 | .657718121 | - .0983935745 .0408 .49
.50 -1.06666667 500000000 | 666666667 | - 100000000 .0417 .50
.51 -1.03468738 1460784314 | .675496689 | - .101593626 .0425 .51
.52 -1.00411285 1423076923 | .684210526 | - .103174603 +0433 .52
.53 - .974859827 1386792453 | .692810457 | - .104743083 .0442 53
.54 - .946851341 1351851852 | .701298701 | - .106299213 .0450 54
.55 - .920016100 318181818 | .709677419 | - .107843137 .0458 .55
.56 - .894288004 2285714286 | .717948718 | - .109375000 .0467 .56
.57 - 869605673 1254385965 | .726114650 | - .110894942 +0475 .57
.58 - .845912045 1204157931 | .734177215 | - .112403101 .0483 .58
.59 ~ .823154005 1194915254 | .742138365 | - .113899614 0492 .59
.60 - .801282051 .166666667 | 750000000 | - 115384615 0500 .60
.61 -~ .780250000 1130344262 | .757763975 | - .116858238 .0508 .61
.62 - 760014714 1112903226 | .765432099 | - .118320611 20517 .62
.63 - 740535859 .087301587 | .773006135 | - 119771863 .0525 .63
.64 - 721775684 1062500000 | .780487805 | - .121212121 L0533 .64
.65 - 703698817 .038461538 | .787878788 | - .122641509 .0542 .65
.66 - .686272088 .015151515 | .795180723 | - .124060150 0550 .66
.67 - 669464358 | - .007462687 | .802395210 | - .125468165 .0558 .67
.68 - 653246373 | - .020411765 | .809523810 | ~ .126865672 .0567 .68
.69 - 637500622 | - .050724638 | .816568047 | - .128252788 0575 .69
_ g2 _ g2 _ g2 _ g2 B2 ce
373 372 571 370 50 3=

b f (&)

6(a)

TT%T



L3l 1

NACA TN 2214

FOUR-POINT DIFFERENTIATION COEFFICIENTS

3

| o lei y. & URi i=1 NACA
O, =3 Z ichyj v ) (-2 ] ;
el
aa -—3E———

22 el el 1ol el 3 (4
bc 3co 3C| scz 3% b f " (&)

0.70 -0,622471211 | -0.071428571 | 0.823529412 | ~0.129629630 0,0583 0,70
W71 - .607863751 | - ,091549206 .830409357 | = .130996310 .0592 .71
.72 - 593745250 | - .111111111 .837209302 | - ,132352041 .0600 .72
73 - .580094016 | - .130136986 843930636 | - 133699634 .0608 .73
.74 - 566889568 | - .148648649 850574713 | - ,135036496 0617 W74
.75 - .554112554 | - .166666667 .857142857 | - .136363636 .0625 .75
276 -~ .541744678 | - ,184210526 863636364 | - .137681159 .0633 .76
.77 - .529768626 | - .201298701 .870056497 | - ,138989170 .0642 .77
.78 - .518168007 | - .217948718 876404494 | - ,140287770 .0650 .78
.79 - .506927288 | - .234177215 882681564 | - ,141577061 .0658 .79
.80 - .496031746 - ,250000000 .888888889 - .142857143 0667 «80
.81 - .485467412 | - .265432099 .895027624 | - .144128114 .0675 .81
.82 -~ .475221025 | - ,280487805 .901098901 | - ,145390071 .0683 .82
.83 - 465279993 | - .295180723 .007103825 | - .146643110 .0692 .83
.84 - 455632345 | - .309523810 913043478 | - .147887324 .0700 .84
.85 - .446266700 | - .323529412 .918918919 | - .149122807 .0708 +85
.86 - .437172230 | - ,337209302 .924731183 | = .150349650 20717 .86
.87 - .428338627 | - .350574713 .930481283 | - ,151567944 .0725 .87
.88 - 419756071 | - .363636364 L936170213 | - .152777778 .0733 .88
.89 - .411415209 | - .376404494 .941798942 | - .153979239 0742 .89
«90 - .403307118 - ,388888889 947368421 - 155172414 0750 .90
.01 - 395423292 | - ,401098901 .952879581 | - .156357388 .0758 .91
.92 - 387755608 | - 413043478 .058333333 | - .157534247 .0767 .92
.93 - 380296315 | - ,424731183 .963730570 | - ,158703072 0775 .93
.94 <= 373038007 | - .436170213 .969072165 | - ,159863946 .0783 .94
.95 - 365973604 | - ,447368421 .674358974 | - .161016949 .0792 .85
.96 - .359096341 | - .458333333 .979591837 | - ,162162162 .0800 .96
.97 ~ 352399745 | - ,469072165 .984771574 | -~ ,163299663 .0808 .97
.98 - 345877623 | - .479591837 .989898990 | - ,164429530 - .0817 ..98
.99 - 339524045 | - .489898990 .994974874 | - ,1655518389 .0825 .99

1,00 - 333333333 -~ .500000000 1.00000000 - .166666667 +0833 1.00

1.01 - .327300048 - .509900990 1,00497512 - .167774086 .0842 1.01

1,02 - .321418975 | - .519607843 | 1.00990099 - .168874172 .0850 1.02

1,03 - 315685115 | - .520126214 | 1.01477833 - 169966997 .0858 1,03

1.04 - 310093673 | - .538461538 | 1.01960784 - .171052632 .0867 1,04

1.05 - ,304640049 | ~ .547619048 | 1,02439024 - 4172131148 .0875 1.05

1,06 - 209319826 | - ,556603774 | 1.02912621 - ,173202614 .0883 1.06

1,07 - .294128763 | - .565420561 | 1,03381643 - .174267101 .0892 1.07

1.08 - .289062789 | - ,574074074 | 1.03846154 - .175324675 .0900 1.08

1,09 - .284117989 | - ,582568807 | 1.04306220 - 176375405 .0908 1,09

1.10 - 4279290602 - 4590909091 1.04761905 - 4177419355 20917 1,10

1.11 - J274577011 | - .599099099 | 1,05213270 - .178456592 .0925 1.11

1.12 - 269973737 | - .607142857 | 1.05660377 - 179487179 ,0933 1.12

1.13 - 265477434 | - ,615044248 | 1.06103286 - .180511182 .0942 1.13

1,14 - .261084881 | - .622807018 | 1.06542056 - .181528662 0950 1.14

1.15 - 256792077 | - 630434783 | 1.06976744 - .182539683 .0958 1.15

1.16 - 252598736 |, - .637931034 | 1.074C7407 - 183544304 .0967 1.16

1.17 - .248499282 | - .645209145 | 1,07834101 - .184542587 .0975 1,17

1.18 - 244491843 | - ,652542373 | 1.08256881 - .185534591 .0983 1.18

1.19 = 240573749 | - .650663866 | 1.08675799 - .186520376 .0992 1.19

1.20 - 236742424 | -~ .666666667 | 1.09090909 - .187500000 »1000 1,20

1.21 - 232095385 | - 673553719 | 1,09502262 - .188473520 »1008 1.21

1.22 - 220330236 | - .680327869 | 1,09909910 - .189440994 L1017 1,22

1.23 - .225744667 | - .686991870 | 1,10313901 - 2190402477 »1025 1.23

1,24 - 4222236445 - 693548587 1.10714286 - ,191358025 <1033 1.24

1.25 - 218803419 - «700000000 1.11111111 - .192307692 <1042 1.25

1.26 ~ 215443508 - 706349206 1.11504425 ~ .193251534 1050 1.26

1,27 - ,212154704 - 4712598425 1.11894273 - ,194189602 1058 1.27

l1.28 - ,208935066 - ,718750000 1.12280702 - ,195121951 +1067 l1.28

1,29 - .205782721 | - ,724806202 | 1.12663755 - .196048632 .1075 1.29

IEZ
. ig2 - ig2 - ic2 - i¢2 3 cc
373 372 37 370 o 3
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FOUR-POINT DIFFERENTIATION COEFFICIENTS

NACA TN 2214

! _1 lei v+ IR (i=
Oxiy D 505 ¥J R 2D
J
2
aa P02 g2 o2 12 S Ta
=hc 5% 54 36 5% ERE
0,10 4,32900433 -5.50000000 | 0.909080909 |0.261904762 -0,0458 0,10
A1 3.88152047 -5.04545455 .900900901 | 263033175 L0463 11
a2 3,50965858 -4,66666667 892857143 | .264150943 - 0467 .12
.13 3,19593988 -4,34615385 884955752 | .265258216 - ,0471 .13
24 2.92788045 -4,07142857 877192982 | .266355140 - .0475 14
.15 2.69632626 -3.83333533 869565217 | .267441860 - ,047¢ .15 -
.16 2.49441252 -3.62500000 862068966 | .268518519 - .0483 .16 b
.17 2,21689036 -3.44117647 .854700855 | .2695852535 - .0488 17 <
.18 2,15967795 ~3.27777778 847457627 | 270642202 - .0492 .18 ~
.19 2,01955332 ~3,13157895 (840336134 | .271689498 - .0496 .19
.20 1,89393939 -2 ,00000000 833353535 | 272727273 - .0500 .20
.21 1.78075044 -2,88095238 826446281 | 273755656 - 0504 .21
.22 1.67828036 -2,77272727 .819672131 | 274774775 - .0508 .22 .
.23 1,58512016 -2.67391304 .813008130 | 275784753 - .0513 .23
.24 1.50009601 -2,58333333 .806451613 | .276785714 - .0517 .24
.25 1.42222222 -2,50000000 800000000 | 277777778 - L0521 .25
.26 1.35066506 -2,42307692 .793650794 | 278761062 - .0525 .26
.27 1.28471460 -2.35185185 .787401575 | .279735683 - 0529 .27
.28 1.22376253 -2,28571429 781250000 | ,280701754 - .0533 .28
.29 1.16728475 -2,22413793 .775195798 | 281659389 - ,0538 .29
30 1.11482720 ~2,16666667 769230769 | .282608696 - .0542 .50
.31 1.06599467 -2,11290323 763358779 | ,283549784 - .0846 .31
.32 1,02044149 -2.06250000 L757575758 | .284482759 - ,0550 .32 .
33 .977864090 | -2,01515152 751879699 | .285407725 - 0554 .33
.34 937994790 | -1,97058824 746268657 | .286324786 - .0558 .34
.35 900506645 | ~1,92857143 740740741 | .287234043 - .0863 .35
.36 865459180 | -1.88888889 735204118 | ,288135593 - .0567 .36 &
.37 .832394810 | =1.85135135 729927007 | .289029536 - ,0571 .37
.38 801235825 | ~1.81576947 \724637681 | 289915966 - L0575 .38
.39 771851845 | -1,78205128 .719424460 | .290794979 - 0579 .39
.40 74404762 ~1.75000000 714285714 | 291666667 - .0583 .40
.41 .717761216 | -1,71951220 709219858 | .292531120 - .0588 41
.42 .692862410 | =1.69047619 704225552 | 293388430 - 0592 .42
.43 669251315 | ~1,66279070 609300699 | .294238683 - 0596 .43
.44 646837225 | -1.63636364 .694444444 | ,295081967 - L0800 .44
.45 625537571 | -1.61111111 689655172 | ,295918367 - 0604 .45
.46 605277047 | =1.58695652 .684931507 | ,296747967 - ,0608 .46
.47 .585986828 | -1.56382979 680272109 | .297570850 - .0613 .47
.48 .567603894 | -1.54166667 675675675 | 298387097 - L0617 .48
.49 .550070437 | =1.52040816 L671140940 | ,299196787 - 0621 .49
.50 533333533 | ~1.50000000 666666667 | ,300000000 - 0625 .50
.51 .517543688 | -1.48039216 .662251656 | ,300796813 - .0629 .51
.52 502056423 | ~1.46153846 .B57904737 | ,301587302 - L0633 .52
.53 487429914 | =1.44339623 653504771 | ,302371542 - .0638 .53
.54 473425670 | ~-1,42592593 .649350649 | ,303149606 - L0642 .54
.55 460008050 | =1.40909091 645161290 | 303921569 - 0646 .55
.56 447144002 | -1.39285714 .641025641 | 304687500 - .0650 .56
.57 434802836 | -1,37719298 636942675 | ,305447471 - 0654 57
.58 422956023 | ~1,36206897 632911392 | ,306201550 - 0658 .58
59 .411577003 | -1.34745763 .628930818 | ,306949807 - ,0663 .59
60 400641026 | =~1.33333333 625000000 | ,3075692308 - 0667 .60
51 .390125000 | ~-1.31967213 621118012 | .308429119 - L0671 .61
.62 380007357 | =-1.30645161 .617283951 | 309160305 - L0675 .62
.63 370267930 | ~1.29365079 .613496935 | ,309885932 - 0679 .63
.64 2360887842 | -1.28125000 .| 4779756098 | .310606081 - 0683 .64
.65 351849408 | -1,26923077 606060606 | +311320755 - 0688 .65
.66 343136044 | -1,25757576 .602409639 | ,312030075 - .0692 .66
.67 334732179 | ~-1,24626866 598802395 | ,312734082 - 0696 .67 .
.68 326623187 | -1,23529412 .595238095 | 313432836 - .0700 .68
.69 318795311 | -1,22463768 L501715976 | .314126394 - .0704 .69
Il
ol il el gt 5 -cc -
5% 5% 5G 5% o' & Pba
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NACA TN 2214

FOUR-POINT DIFFERENTIATION COEFFICIENTS

3
! | tci y. + IR =
(0 y)""‘rb Z .’:Cj yj+ 5R (i=2, 1
=0
s £
102 102 102 2 —~r—

“b7c 3Co 5C| 3Cz 3c3 b>f' 4 (e)

0.70 0.311235605 | =1.21428571 0.588235294 | 0,314814815 -0.0708 0,70
W71 .303931875 | ~1.20422535 584795322 .315498155 - L0713 71
.72 .296872625 | ~1.19444444 581395349 .316176471 - 0717 .72
73 .290047008 | -1.18493151 578034682 316849817 - 0721 W73
.74 .283444784 | -1,17567568 574712644 .317518248 - .0725 .74
.75 W277056277 | ~1.16656667 .571428571 .318181818 - .0729 .75
.76 .270872339 | -1.15789474 568181818 .318840580 - 0733 .76
77 .264884313 | -1,14935065 .564971751 .319494585 - .0738 77
.78 .259084003 | -1.14102564 .561797753 .520143885 - .0742 .78
.79 .253463644 | -1.13201139 .558659218 320788530 - .0746 .79
.80 .248015873 | -1.12500000 .555555556 .321428571 - ,0750 .80
.81 .242733706 | -1.11728395 .552486188 322064057 - 0754 .81
.82 .237610513 | ~1.10975610 .549450549 322695035 - .0758 .82
.83 .232639996 | -1.10240964 .546448087 +323321555 - 0763 .83
.84 .227816172 7| -1.09523810 .543478261 323943662 - 0767 .84
.85 .223133350 | -1.08823529 +540540541 524561404 - L0771 .85
.86 .218586115 | -1.08139535 . 537634409 .325174825 - 0775 .86
.87 .214169313 | -1.07471264 .534759358 .325783972 - 0779 .87
.88 ,200878036 | -1.06818182 .531914894 326388889 - .0783 .88
.89 .205707604 | =-1.06179775 . 529100529 326989619 - .o0788 .89
.90 .201653559 | ~1.05555556 .526315789 327586207 - 0792 .90
.91 .197711646 | -1.04945055 523560209 328178694 - .0796 .91
.92 .193877804 | -1.04347826 . 520833333 .328767123 - 0800 .92
.93 .190148158 | -1.03763441 .518134715 320351536 - .0804 .93
.94 .186519003 | -1,03191489 .515463918 .329931973 - .0808 .94
.95 .182086802 | -1.02631579 .512820513 +330508475 - .0813 .95
.96 ,179548171 |- -1,02083333 510204082 .331081081 - 0817 .96
.97 .176199873 | -1.01546392 .507614213 331649832 - .0821 .97
.98 .172938811 | -1.01020408 .505050505 .332214765 - .0825 .98
.99 .169762023 | -1.00505051 .502512563 332775920 - .0829 .99

1.00 .166666667 | =-1,00000000 500000000 333335333 - .0833 1.00

1.01 .163650024 | - .995049505 .497512438 333887043 - .0838 1.01

1.02 .160709487 | - .990196078 . 495049505 334437086 - .0842 1.02

1.03 .157842557 | - .985436893 .492610837 334983498 - .0846 1.03

1.04 .155046837 | - 980769231 .490196078 335526316 - .0850 1.04

1.05 .152320024 | - .976190476 . 487804878 336065574 - .0854 1.05

1.06 .149659913 | - .971698113 .485436893 . 336601307 - .0858 1.06

1.07 .147064382 | - .967289720 483091787 337133550 - .0863 1.07

1.08 .144531395 | - .962962963 .480769231 337662338 - .0867 1.08

1.09 .142058995 | - .958715596 . 478468900 338187702 - 0871 1.09

1.10 .129645301 | ~ .954545455 .476190476 338709677 - .0875 1.10

1.11 .137288505 | + .950450450 .473933649 339228296 - ,0879 1.11

1.12 .134086868 | -~ .946428571 .471698113 339743590 - .0883 1.12

1.13 .132738717 | - .942477876 . 469483568 .340255591 - .0888 1.13

1.14 .130542441 | - .938596491 . 467289720 .340764331 - .0892 1.14

1.15 .128396489 | - ,934782609 .465116279 541269841 - .0896 1.15

1.16 .126299368 | - .931034483 462962963 .341772152 - .0900 1.16

1.17 .124249641 | - .927350427 +460829493 .342271293 - .0904 1.17

1.18 .122245922 | - ,923728814 458715596 342767296 - .0908 1.18

1.19 .120286875 | - 920168067 . 456621005 .343260188 - 0913 1.19

1.20 .118371212 | - ,916666667 +454545455 +343750000 - 0917 1.20

1.21 .116497693 | - ,913223140 .452488688 3544236760 - .0921 1.21

1.22 .114665118 | - .909836066 +450450450 . 344720497 - 0925 1.22

1.23 .112872334 | ~ ,906504065 448430493 .345201238 - .0929 1.23

1.24 .111118223 | - ,903225806 .446428571 .345679012 - .0933 1.24

1.25 ,109401710 | - .900000000 V444444444 346153846 - ,0938 1.25

1.26 .107721754 | - 896825397 442477876 346625767 - .0942 1.26

1.27 .106077352 | ~ 893700787 4440528634 347094801 - ,0946 1.27

1.28 .104467533 | - ,890625000 +438596491 +347560976 - .0950 1.28

1.29 .102891361 | - 887596899 .436681223 548024316 - .0954 1.29
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NACA TN 2214

60
FOUR-POINT DIFFERENTIATION CCEFFICIENTS
L2
! = lei . Ini R
t
353
_aa Ic,’> Ic3 IC3 Ic3 ENTIN
“t¢ 370 371 372 373 b f T (8
0.10 ~8,65800866 10.50000000 | -3,81818182 | 1.97619048 0.1750 0410
W1 -7.76304094 9,59090909 | -3,80180180 | 1.97393365 .1758 .11
a2 -7.01931716 8,.83333333 | ~3,78571429 | 1,97169811 1767 .12
.13 ~6.39187976 8,19230769 | -3.76991150 | 1.96948357 1775 .13
.14 -5.,85576090 7.64285714 | ~3.75438596 | 1.96728972 .1783 W14
.15 ~5.39265251 7.16666667 | ~3.73913043 | 1.96511628 .1792 .15
.16 -4,98882503 6.75000000 | -3,72413793 | 1.96296296 1800 .16
.17 -4,63378072 6.38235294 | -3,70940171 | 1.96082949 .1808 W17
.18 -4,31935590 6.05555556 | -3.69491525 | 1.95871560 .1817 .18
.19 -4,03910663 5.76315789 | -3.68067227 | 1.95662100 .1825 .19
.20 ~3.78787879 5.50000000 | -3.66666667 | 1.95454545 .1833 .20
.21 ~3,561 50089 5.26190476 | -3.65289256 | 1.95248869 .1842 .21
.22 -3.35656073 5.04545454 | -3,63934426 | 1.95045045 .1850 .22
.23 -3.17024032 4.84782609 | -3.62601626 | 1.94843049 .1858 .23
.24 -3,00019201 4.66666667 | -3.61290323 | 1,04642857 .1867 .24
.25 -2.84444444 4,50000000 | -3,60000000 | 1.04444444 .1875 .25
.26 -2,70133013 4,34615385 | -3,58730159 | 1.94247788 .1883 .26
.27 -2,56942019 4,20370370 | -3.57480314 | 1.94052863 .1892 .27
.28 -2,44752506 4,07142857 | -3.56250000 | 1.93859649 .1900 .28
.29 -2,33456949 3.04827586 | -3.55038760 | 1.,93668122 .1908 .29
.30 -2.22965440 3.83333335 | -3.63846154 | 1,95478261 .1917 .30
.31 -2,13198933 3,72580645 | -3.52671756 | 1.93200043 .1925 .31
.32 -2,04088297 3.62500000 | -3.51515152 | 1.,93105448 .1933 .32
.33 -1.95572818 3.,53030303 | -3.50375040 | 1,92918455 .1942 .33
34 ~1.87598958 5.44117647 | -3.49253732 | 1.92735043 +1950 34
.35 -1.80119329 3.35714286 | -3.48148148 | 1.92553191 .1958 .35
.36 -1.73091836 3.27777778 | -3.47058824 | 1.92372881 .1967 .36
.37 -1.66478962 3.20270270 | -3.45985402 | 1,92194093 .1975 .37
.38 -1.60247165 3.13157895 | -3.44927536 | 1.92016807 .1983 .38
239 -1.54366369 3.06410256 | -3.43884892 | 1.91841004 .1992 .39
+40 -1.48809524 3.00000000 | =3,42857142 | 1.91666667 .2000 40
.41 -1.43552243 2,93902439 | -3.41843972 | 1.91493776 .2008 .41
.42 -1.38572482 2.88095238 | -3.40845070 | 1,91322314 +2017 .42
.43 -1.33850263 2,82558140 | -5.39860140 | 1.91152263 .2025 .43
J44 -1.29567445 2,77272727 | -3.38888889 | 1.90983607 +2033 44
.45 -1.25107514 2,72222222 | -3.37931054 | 1.90816327 .2042 .45
.46 -1.21055409 2,67391304 | -3.36986301 | 1.90650407 .2050 .46
.47 -1.17197366 2.62765057 | -3.36054422 | 1.90485830 .2058 .47
.48 -1.13520779 | - 2.58333333 | -3.35135135 | 1.00322581 .2067 .48
.49 -1.10014087 2.54081633 | -3.34228188 | 1,90160643 .2075 .49
.50 -1.06666667 2,50000000 | -3.33353333 | 1,90000000 .2083 .50
.51 -1.03468738 2,46078431 | -3.32450331 | 1,89840637 .2092 .51
.52 -1.00411285 2,42307692 | ~3,31578947 | 1.89682540 .2100 .52
.53 - 974850827 2.38679245 | -3.30718954 | 1.89525692 .2108 .53
.54 - 046851341 2,35185185 | ~3.29870130 | 1.89370079 .2117 .54
.55 - .920016100 | £2.31818182 | -3.20032258 | 1.89215686 .2125 .55
.56 - .894288004 | 2.28571429 | -3.28205128 | 1.89062500 .2133 .56
.57 - 869605673 2,25438596 | -3.27388535 | 1.88910506 .2142 .57
.58 - .845912045 | 2,22413793 | -3.26582278 | 1.88759690 .2150 .58
+59 - .823154005 2,19491525 | -3,25786164 | 1,88610039 .2158 .59
.60 - .801282051 2.16666667 | -3.25000000 | 1.88461538 .2167 .60
.61 - 780250000 2,13934426 | -3,24223602 | 1.88314176 .2175 .61
.62 - .760014714 | 2,11290323 | =-3.23456790 | 1.88167939 .2183 .62
.63 - 740535859 | 2.08730159 | -3.22699387 | 1.88022814 .2192 .63
. .64 - .721775684 | 2.06250000 | -3,21951219 | 1.87878788 .2200 64
65 - 703698817 2,03846154 | -5.21212121 | 1.87735849 .2208 .65
.66 - .686272088 | 2.01515152 | -3.20481928 | 1.87593985 .2217 .66
.67 - 660464358 1.99253731 | -3,19760479 | 1.87453184 .2225 .67
.68 - .653246373 1,97058824 | -3,19047619 | 1.87313433 .2233 .68
.69 - .637590622 1.94927536 | -3.18343195 | 1,87174721 .2242 .69
IEO
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NACA TN 2214
-
FOUR-POINT DIFFERENTIATION COEFFICIENTS
- ! LS i tqi
(O'yhxi= _Z scj yj + 4RV (i=3,0) 2 NjACA o
I3
_aa 103 103 103 103 3
b % 5Cl %2 5% b3 '4(g)
0.70 -0,622471211 1.92857143 | -3,17647059 | 1.87037037 0.2250 0,70
W71 - 607863751 | 1.90845070 | -3,16959064 | 1.86900369 .2258 W71
.72 - .593745250 | 1.88888889 | -3,16279070 | 1.86764706 .2267 .72
.73 - .580094016 | 1,86986301 | ~3,15606936 | 1.86630037 .2275 .73
74 - 566889568 | 1.85135135 | -3,14942520 | 1.86496356 .2283 W74
:j .75 - 554112554 | 1,83333333 | -3,14285714 | 1.86363636 .2292 .75
< .76 - .541744678 | 1.81578947 | -3,13636364 | 1.86231884 2300 .76
~ .77 - .520768626 1.79870130 | -3,12994350 | 1,86101083 +2308 77
.78 - .518168007 | '1.78205128 | -3,12359550 | 1.85971223 2317 .78
.79 < 506927288 | 1.76582278 | -3,11731844 | 1.85842204 .2325 .79
.80 - .496031746 | 1,75000000 | =3,11111111 | 1.85714286 .2333 .80
.81 - 485467412 1.73456790 | -3.10497238 | 1.85587189 .2342 .81
.82 - .475221025 | 1,71951220 | =3,09890110 | 1.85460993 +2350 .82
.83 ~ 465279993 | 1,70481928 | -3,09289617 | 1.85335689 .2358 .83
B4 - .455632345 | 1.69047619 | -3.08695652 | 1.85211268 42367 .84
.85 - .446266700 | 1,.67647059 | -3,08108108 | 1.85087719 42375 .85
.86 - .437172230 1.66279070 | -3,07526882 | 1.84965035 2383 .86
.87 - 428338627 1.64942529 | -3.06951872 | 1.84843206 2392 .87
.88 - .419756071 | 1.63636364 | -3,06382979 | 1.84722222 2400 .88
.89 - .411415209 | 1.62359551 | -3,05820106 | 1.84602076 .2408 .89
+90 - .403307118 | 1,61111111 | -3,05263158 | 1.84482750 2417 .90
.91 - .395423292 1.59890110 | -3,04712042 | 1.84364261 .2425 .91
. .92 ~ 387755608 | 1.58695652 | =3.04166667 | 1.84246575 .2433 .92
.93 - .380296315 | 1,57526882 | -3.03626943 | 1.84129693 .2442 .93
.94 - 373038007 | 1,56382979 | -3,03092783 | 1.84013605 .2450 .94
.95 - .365973604 | 1,55263158 | -3,02564103 | 1.83898305 2458 .95
. .96 ~ 359096341 | 1,54166667 | ~3.02040816 | 1.83783784 12467 +96
.97 - 352399745 | 1.53002784 | -3.01522843 | 1.83670034 «2475 .97
.98 - .345877623 | 1.52040816 | =3,01010101 | 1.83557047 +2483 .98
- - 339524045 | 1,51010101 | -3,00502513 | 1.83444816 .2492 .99
1,00 - 333333333 | 1.50000000 | =3,00000000 | 1.83333333 +2500 1.00
1,01 ~ 327300048 | 1,49009901 | -2,99502488 | 1.83222591 +2508 1,01
1,02 - 321418975 | 1.48039216 | -2.99009901 | 1.83112583 2517 1.02
1,03 - 315685115 | 1,47087379 | -2.98522167 | 1.83003300 .2525 1,03
1,04 - .310093673 | 1,46153846 | -2,98039216 | 1.82894737 +2533 1.04
1,05 - 304640049 | 1.45238095 | -2,97560976 | 1.82786885 .2542 1.05
1,06 - ,299319826 1.44339623 | -2,97087379 | 1.82679739 42550 1,06
1,07 - 4294128763 1.43457944 | -2,96618357 | 1,82573290 +2558 1,07
1.08 - .289062789 1.42592593 | -2,96153846 | 1.82467532 +2567 1.08
1.09 - 284117989 1.41743119 | -2,95693780 | 1.82362460 2575 1,09
1.10 - .279290602 | 1.40909091 | -2,95238095 | 1.82258065 .2583 1,10
1,11 = 274577011 | 1,40090090 | =2.,94786730 | 1.82154341 42592 1.11
l.12 - 269973737 1.39285714 | -2,94339623 | 1.82051282 42600 1.12
1,13 - 265477434 | 1.38495575 | -2,93896714 | 1.81948882 .2608 1.13
1,14 - .261084881 | 1,37719298 | -2,93457944 | 1.81847134 .2617 1.14
1.15 - 256792977 1,36956522 | -2,93023256 | 1.81746032 .2625 1,15
1,16 - .252598736 | 1.36206897 | -2.92592593 | 1,81645570 +2633 1.16
1,17 - .248499282 | 1,35470085 | -2,92165899 | 1.81545741 .2642 1.17
1,18 - 244491843 | 1.34745763 | -2,91743119 | 1.81446541 42650 1,18
1.19. - .240573749 1.34033613 | -2,91324201 | 1.81347962 +2658 1.19
1.20 ~ 236742424 | 1,33333333 | -2.90909091 | 1.81250000 42667 1,20
1,21 - .232995385 1.32644628 | -2,90497738 | 1.81152648 +2675 1,21
1.22 - .229330236 1.31967213 | -2,90090090 | 1.81055901 2683 1,22
1,23 - 225744667 1.31300813 | -2.89686099 | 1.80959752 +2692 1.23
1.24 - 222236445 1.30645161 | -2,89285714 | 1,80864198 2700 1.24
1.25 - 218803419 1.30000000 | -2,88888889 | 1,80769231 #2708 1.25
1.26 - 215443508 | 1.29365079 | -2,88495575 | 1.80674847 2717 1.26
. 1,27 - .212154704 | 1.28740157 | -2,88105727 | 1,80581040 «2725 1,27
1.28 - .208935066 1.28125000 | -2,87719298 | 1.80487805 .2733 1.28
1.29 - 4205782721 | 1.27519380 | -2,87336245 | 1.80395137 .2742 1.29
10
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FOUR-POINT DIFFERENTIATION COEFFICIENTS

NACA TN 2214

3
2 ) 2¢i y. 4 2Ri P =
2.0
aa 2c0 2C0 2c0 2Co _3E_

“bc 370 370 372 373 b2f' 4 ()

0.10 28,5714286 ~32,0000000 4.00000000 | ~0.571428571 042192 0,10
W11 25.8509263 -29,2727273 4,00000000 | - ,578199052 .2247 W11
.12 23,5849057 -27,.,0000000 4,00000000 | = ,584905660 «2303 .12
.13 21.6684724 -25.0769231 4.00000000 | = ,591549296 .2359 .13
.14 20,0267023 -23,4285714 4,00000000 | -~ .598130841 +2416 .14
.15 18,6046512 -22.,0000000 4,00000000 | - ,604651163 2473 .15
16 17.,3611111 ~20,7500000 4,00000000 - ,611111111 42531 16
.17 16.2645703 -19.6470588 4,00000000 | - .617511521 ,2589 .17
.18 15.2905199 ~18,6666667 4,00000000 | - .623853211 .2648 .18
.19 14.4196107 -17.7894737 4,00000000 | - .630136986 .2707 .19
.20 13.6363636 -17,0000000 4,00000000 | - 636363636 2767 .20
.21 12.9282482 -16,2857143 4.00000000 | - .642533937 .2827 .21
.22 12.2850123 ~15.6363636 4,00000000 | - ,648648649 .2888 .22
.23 11.6981868 -15,0434783 4,00000000 | = ,654708520 .2949 .23
.24 11.1607143 -14,5000000 4,00000000 | = ,660714286 23011 .24
.25 10.6666667 -14.0000000 4,00000000 | - ,666666667 3073 .25
.26 10.2110279 -13,5384615 4.,00000000 | = 672566372 .3136 .26
.27 9,78952521 | -13,1111111 4.00000000 | ~ .678414097 .3199 .27
.28 9.39849624 | -12.7142857 4.,00000000 | - ,684210526 +3263 .28
.29 9.03478392 | -12,3448276 4,00000000 | - ,689956332 3327 .29
.30 8.69565217 | -12.0000000 4.00000000 | - ,695652174 .3392 .30
W31 8.37871806 | -11.6774194 4.00000000 | = .701298701 .3457 .31
.32 8.08189655 | ~11.3750000 4,00000000 | - 706896552 .3523 .32
.33 7.80335544 | =11,0909091 4,00000000 | - .712446352 .3589 .33
.34 7.54147813 | ~10,8235294 4,00000000 | - 717948718 +3656 .34
.35 7.29483283 | ~10,5714286 4.,00000000 | - ,723404255 +3723 .35
.36 7.06214689 | =10.3333333 4,00000000 | - .728813559 £3791 .36
37 6,84228532 | -10,1081081 4,00000000 | = 734177215 .3859 .37
.38 6,63423264 | ~ 9,89473684 | 4,00000000 | - ,739495798 3928 .38
.39 6.43707757 | - 9.69230769 | 4,00000000 | - 744769874 .3997 .39
.40 6,25000000 | - 9.50000000 | 4,00000000 | - .750000000 +4067 .40
.41 6.07225989 | - 9,31707317 | 4,00000000 | - 755186722 +4137 .41
.42 5,90318772 | - 9.14285714 | 4,00000000 | - 760330579 .4208 .42
43 5.74217628 | - 8,97674419 | 4.00000000 | - .765432099 .4279 .43
.44 5,58867362 | -~ 8.81818182 | 4,00000000 | - ,770491803 L4351 P44
.45 5.44217687 | - B.66666667 | 4,00000000 | - ,775510204 .4423 .45
.46 5.30222694 | - 8,52173913 | 4.,00000000 | - .780487805 +4496 .46
.47 5,16840382 | - 8,38207872 | 4,00000000 | - ,785425101 .4569 .47
.48 5.,04032258 | - 8.25000000 | 4.00000000 | - .790322581 ,4643 .48
.49 4,91762970 | - 8.12244898 | 4,00000000 | - .795180723 .4717 .49
«50 4,80000000 | - 8.00000000 | 4.00000000 | - 800000000 .4792 .50
.51 4,68713382 | - 7.88235204 | 4,00000000 | - 804780877 .4867 .51
.52 4,57875458 | - 7,76923077 | 4,00000000 | - .809523809 +4943 .52
.53 4.47460661 | - 7.66037736 | 4.00000000 | - ,814229249 .5019 .53
.54 4,37445319 | - 7.55555556 | 4.00000000 | - ,818897638 +5096 .54
.55 4,27807487 | - 7.45454545 | 4,00000000 | - 823529412 .5173 .55
.56 4,18526786 | - 7.35714286 | 4,00000000 | - .828125000 +5251 .56
57 4.09584272 | - 7,26315789 | 4,00000000 | - .832684825 +5329 .57
58 4,00962310 | - 7,17241379 | 4,00000000 | = .837209302 +5408 .58
.59 3,92644460 | - 7.08474576 | 4.,00000000 | -~ ,841698842 .5487 .59
+60 3.84615385 | - 7,00000000 | 4,00000000 | - ,846153846 +5567 .60
.61 3.76860750 | - 6.,91803279 | 4,00000000 | - ,850574713 «5647 .61
.62 3,69367151 | - 6.83870968 | 4,00000000 | - ,854961832 .5728 62
.63 3,62122035 | - 6,76190476 | 4,00000000 | - .859315589 +5809 .63
.64 3.55113636 | - 6.68750000 | 4.00000000 | - 863636364 .5891 .64
.65 3.48330914 | - 6,61538462 | 4.,00000000 | - ,867924528 .5971 .65
.66 3.41763500 | - 6.54545455 | 4,00000000 | = 872180451 .6056 .66
.67 3.355401645 | - 6.47761194 | 4.00000000 | - .876404494 .6139 .67
.68 3.20236172 | - 6.41176471 | 4,00000000 | - 880597015 .6223 .68
.69 3.23258445 | - 6.34782609 | 4,00000000 | - .884758364 +6307 .69

. 2¢3
2n3 203 203 203 3 cc
3% 302 3C7 3% 2 ba
bf (&)

TIv1



NACA TN 2214

FOUR-POINT DIFFERENTIATION COEFFICIENTS

2 ] 3 200 y. 4 2Ri .
() y)x_x‘ 02 z )CJ. yj + 2R {i-0,3)
j=0
aa ; 2
.22 200 2 200 200 3
r bec 3C0 ,’:d: 3C2 303 2.14)
bf (8
0,70 3.17460317 | - 6.28571429 | 4.00000000 | =-0,888888889 046392 0.70
o71 3,11834104 | - 6,22535211 | 4,00000000 | - ,892988930 6477 »71
.72 3,06372549 - 6.16666667 4,00000000 - .897058824 +6563 72
73 3,01068794 | - 6,10958904 | 4,00000000 | - ,901098901 6649 o 73
.74 2,95916354 | - 6,05405405 | 4,00000000 | - ,905109489 6736 .74
-
ul .75 2,90909091 | - 6,00000000 | 4,00000000 | - ,909090909 6823 «75
K .76 2,86041190 | - 5.94736842 | 4,00000000 | - ,913043478 6911 .76
H 77 2,81307141 | - 5,89610390 | 4,00000000' | = .916967509 .6999 o777
.78 2,76701716 | - 5,84615385 | 4,00000000 | - ,920863309 .7088 .78
«79 2,72219954 | = 5,79746835 | 4,00000000 | - ,924731183 7177 .79
.80 2,67857143 | - 5,75000000 | 4,00000000 | - ,928571429 7267 .80
.81 2,63608804 | = 5,70370370 | 4,00000000 | - ,032384342 #7357 .81
.82 2,59470680 | - 5,65853659 | 4,00000000 | - ,936170213 .7448 .82
.83 2,55438716 | - 5,6144578% | 4,00000000 | ~ ,939929328 7539 .83
.84 2,51509054 | = 5,57142857 | 4,00000000 | - 943661972 .7631 .84
.85 2,47678019 | - 5.52941176 | 4,00000000 | - ,947368421 7723 .85
.86 2,43942104 | - 5.48837209 | 4,00000000 | - ,951048951 .7816 .86
87 2.40207970 | - 5,44827586 | 4,00000000 | - ,954703833 .7909 .87
.88 2,36742424 | - 5,40909091 | 4,00000000 | - .958333333 .8003 .88
.89 2,33272423 | - 5.37078652 | 4,00000000 | - ,961937716 .8097 .89
.90 2,29885057 | - 5,33333333 | 4.00000000 | - ,965517241 .8192 .90
.91 2,26577546 | - 5,29670330 | 4,00000000 @ - ,969072165 .8287 .91
.92 2,23347230 | - 5,26086957 | 4.,00000000 | - ,972602740 .8383 .92
- .93 2,20191567 | - 5,22580645 | 4,00000000 | - ,976109215 8479 «93
.94 2,17108120 | - 5,19148936 | 4,00000000 | - .979591837 8576 .94
.95 2,14004558 | - 5,15789474 | 4,00000000 | - ,983050847 8673 «95
. «96 2,11146649 | - 5,12500000 | 4,00000000 | - ,986486486 8771 .96
.97 2,08268250, | - 5,09278351 | 4,00000000 | - ,989898990 .8869 .97
.98 2,05451308 | - 5,06122449 | 4,00000000 | - ,993288591 .8968 .98
«99 2,02695855 | - 5,03030303 | 4,00000000 | - ,996655518 .9067 .99
1,00 2,00000000 | - 5,00000000 | 4,00000000 ! =1,00000000 29167 1,00
1,01 1,97361929 | - 4,97029703 | 4,00000000 | =-1,00332226 9267 1.01
1,02 1.94779899 | - 4,94117647 | 4,00000000 | -1,00662252 29363 1,02
1,03 1,92252235 | - 4,91262136 | 4,00000000 | ~1,00990099 «9469 1,03
1,04 1,89777328 | - 4.88461538 | 4,00000000 | -1,01315790 L9571 1,04
1,05 1.87353630 | - 4.,85714286 | 4,00000000 | =1.01639344 £9673 1.05
1,08 1.84979652 | - 4.83018868 | 4,00000000 | =1.01960784 9776 1,06
1,07 1,82653962 | - 4,80373832 | 4,00000000 | -1,02280130 .9879 1,07
1,08 1.80375180 | - 4,77777778 | 4,00000000 | -1,02597403 .0983 1.08
1,09 1.78141979 | - 4,75229358 | 4,00000000 | -1.02912621 1,0087 1,09
1.10 1.75953079 | - 4,72727273 | 4,00000000 | -1.03225807 1.0192 1,10
1,11 1.73807248 | - 4,70270270 | 4,00000000 | ~-1.03536978 1,0297 1,11
1,12 1,71703297 | - 4.67857143 | 4,00000000 | -1,03846154 1,0403 1.12
1,13 1,69640080 | - 4.65486726 | 4.00000000 | ~1,04153355 1,0509 1,13
1.14 1.67616493 | - 4,63157895 | 4,00000000 | -1.04458599 1,0616 1.14
1,15 1.65631470 | - 4,60869565 | 4,00000000 | -1,04761905 1.0723 1.15
1,16 1,6368398) | - 4.58620690 | 4,00000000 | -1,05063291 1.0831 1.16
1,17 1,61773032 | - 4,56410256 | 4.,00000000 | -1.05362776 1,0939 1,17
1.18 1,50897665 | - 4,54237288 | 4,00000000 | =1.05660377 1.1048 1.18
1.19 1.58056953 | - 4,52100840 | 4,00000000 | =1.05956113 1,1157 1.19
1.20 1.56250000 | - 4,50000000 | 4,00000000 | =-1,06250000 1.1267 1.20
1,21 1.54475940 | - 4,47933884 | 4,00000000 | -1,06542056 1.1377 1,21
1,22 1,52733937 | - 4.45901639 | 4,00000000 | =1.06832298 1,1488 1,22
1.23 1,51023182 | - 4.43902439 | 4,00000000 | ~1.07120743 1.1599 1.23
1,24 1.49342891 | - 4.41935484 | 4,00000000 | =1,07407407 1.1711 1.24
1.25 1,47692308 | - 4.40000000 | 4,00000000 | =1.07692308 1,1823 1.25
1.26 1,46070698 | - 4,38095238 | 4,00000000 | -1.07975460 1.1936 1.26
1.27 1,44477353 | - 4,36220472 | 4,00000000 | -1,08256881 1,.2049 1.27
- 1.28 1,42911585 | - 4,34375000 | 4,00000000 | -1,08536585 1,2163 1.28
1,29 1.41372729 | - 4,32558140 | 4,00000000 | -1,08814590 1.2277 1.29
e cc¢
- 203 203 203 203 3 <t
3C3 302 3C| 3Co b2ft4) (&) ba
9(b)




64

FOUR-POINT DIFFERENTIATION COEFFICIENTS

3
(Dzy)xéx;blz; Ly + X =12
J= )

NACA TN 2214

2
aa 201 201 201 201 E

r=s== C c C c >
bc 370 371 372 373

b2f(4l (E)

0.10 25,9740260 ~29,0000000 3,45454545 -0.428571429 0.,1417 0.10
W11 23,2891228 -26,2727273 3.40540541 - .421800948 .1392 W11
.12 21,0579515 -24,0000000 3.35714286 - 415094340 £1367 12
.13 19.1756393 -22,0769231 3.30973451 - .408450704 01342 W13 —
14 17,5672827 -20,4285714 3.26315789 - .401869159° 1317 14 -

3
+15 16,17798575 -19.0000000 3.21739130 - .395348837 .1292 15 ~
.16 14.9664751 -17,7500000 3,17241379 - .388888889 .1267 .16
.17 13.9013422 «16,6470588 5,12820613 - ,382488479 1242 17
.18 12,9580677 -15,6666667 3.08474576 - ,376146789 «1217 18
.19 12,1173199 -14,7894737 3.,04201681 - ,369863014 21192 «19
20 11,3636364 -14,0000000 3.00000000 - 363636364 «1167 «20
.21 10.6845027 -13.2857143 2.95867769 - 357466063 J1142 .21
22 10,0696822 «12,6363636 2,91803279 - 351351351 «1117 .22
.23 9.51072096 ~12,0434793 2,.87804878 - ,345291480 ,1092 .23
.24 9.00057603 -11.5000000 2.83870968 - .339285714 .1067 .24
.25 8.53333332 -11,0000000 2,80000000 - 333333333 .1042 .25
.26 8.10399039 -10.5384615 2.76190476 - .327433628 .1017 .26
.27 7.70828757 -10.1111111 2,72440945 - .321585903 .0992 .27
.28 7.,34257518 - 9,71428571 | 2.,68750000 ~ 315789474 .0967 .28
.29 7.00370847 - 9,34482759 | 2.65116279 - .310043668 ,0942 .29
.30 6.68896320 - 9,00000000 | 2.61538462 - 304347826 .0917 .30
.31 6.39596799 ~ B.67741935 | 2.58015267 - .298701299 .0892 .31
.32 6.12264891 - 8.37500000 | 2.54545455 - .293103448 .0867 .32
.33 5.86718454 - 8,09090909 | 2.51127820 - .287553648 .0842 .33
.34 5.62796874 - 7.82352041 | 2,47761194 - .282051282 0817 .34
.35 5.40357987. - 7.57142857 | 2.44444444 - 276595745 20792 .35
+36 5.19275508 - 7,33333333 | 2.41176470 - .271186441 .0767 .36
«37 4,99436886 - 7,10810811 | 2.37956204 - .265822785 .0742 .37
.38 4.80741495 - 6.89473684 | 2,34782609 - 260504202 L0717 .38
.39 4,63099107 - 6.69230769 | 2.31654676 - .255230126 .0692 39
.40 4.46428572 - 6,50000000 | 2.28571429 - 250000000 .0667 .40
.41 4,30656729 - 8.31707317 | 2.25531915 - .244813278 .0642 .41
.42 4.15717446 - 6,14285714 | 2,22535211 - 239669421 L0617 .42
.43 4.01550789 - 5,97674419 | 2.19580420 - 234567901 .0592 .43
.44 3.88102336 - 5.81818182 | 2.,16666667 - 229508197 .0567 .44
.45 3.,75322543 - 5,66666667 | 2.13793103 = 224489796 .0542 .45
.46 3.63166228 - 5,52173913 | 2,10958904 - .219512195 .0517 46
.47 3.51592097 - 5.38207872 | 2.,08163265 - .214574899 ,0492 .47
.48 3.40562337 - 5,25000000 | 2,05405405 - 209677419 0467 .48
.49 3.,30042262 © | - 5.12244898 | 2,02684564 - 204819277 .0442 .49
+50 3.20000000 - 5,00000000 | 2,00000000 - 200000000 .0417 +50
.51 3.10406213 - 4.88235294 | 1,97350993 - .195219124 .0392 .51
.52 3.01233854 - 4,76923077 | 1.94736842 - 190476190 +0367 .52
.53 2,92457948 - 4,66037736 | 1,92156863 - .185770751 ,0342 .53
.54 2.84055402 - 4.55555556 | 1,89610390 - ,181102362 .0317 .54
.55 2.76004830 - 4.45454545 | 1,87096774 ~ 176470588 0292 .55
.56 2.68286401 - 4,35714286 | 1.84615385 - .171875000 .0267 .56
.57 2.60881702 - 4,26315789 | 1,82165605 - 167315175 .0242 .57
.58 2.53773614 - 4.17241379 | 1.79746835 - .162790698 .0217 .58
.59 2,46946202 - 4,08474576 | 1,77358491 - .158301158 .0192 .59
.60 2,40384615 - 4.00000000 | 1475000000 - .153846154 .0167 .60
.61 2.34075000 - 3,91803279 | 1.72670807 - .149425287 .0142 .61
.62 2,28004414 - 3.83870968 | 1,70370370 - .145038168 0117 .62
.63 2,22160758 - 3.76190476 | 1.68098160 - .140684411 .0092 .63
.64 2,16532704 - 3.68750000 | 1.65853659 - 136363636 .0067 .64
+65 2.11109646 - 3.61538462 | 1,63636364 - .132075472 .0042 +65°
+66 2,05881627 - 3.54545455 | 1,61445783 - .127819549 .0017 .66
«67 2,00839308 - 3.47761194 1,59281437 - 123595506 0008 «67
.68 1.95973911 - 3.41176471 | 1.57142857 - ,119402985 | - .0033 .68
.69 1.91277186 - 3.34782609 | 1.55029586 - .115241636 | - .0058 .69

22
202 202 202 22 2 f4, cc
3v3 372 3 3% R AT b
10(a)




L&l

NACA TN 2214

FOUR-POINT DIFFERENTIATION COEFFICIENTS

3
2 | 240 2 R
(0 y)xzxi.gzj% Ly e R =12
1
aa 2010 2¢1 201 2n1 x
b C c C C -
370 371 372 373
bc b2ﬂ4)u)

0,70 1,86741363 - 3,28571429 | 1.52941176 «0,111111111 -0,0083 0,70
o712 1.82359125 - 3,22535211 | 1.50877193 - .107011070 - 40108 o71
.72 1,78123575 - 3,16666667 | 1,48837209 - 102941176 - ,0133 72
#73 1,74028206 - 3,10958904 | 1.46820809 - ,0988901099 - .0158 W73
74 1.70066871 - 3,05405405 | 1,44827586 - .094890511 - ,0183 W74
«75 1.66233765 - 3,00000000 | 1,42857143 - 090909091 - 0208 .75
«76 1.62523404 - 2,94736842 | 1,40909091 - ,086956522 - ,0233 .76
77 1.58930589 - 2,89610390 | 1,38983051 - .083032491 - ,0258 77
.78 1.55450403 - 2,84615385 | 1,37078652 - .079136691 - .0283 .78
.79 1.52078187 - 2,79746835 | 1.35195531 -~ .,075268817 - ,0308 .79
.80 1,48809524 - 2,75000000 | 1,33333333 - ,0714285714 | - .0333 .80
.81 1.45640223 - 2,70370370 | 1.31491713 - ,0676156584 | - .0358 .81
.82 1.42566308 - 2.65853659 | 1.29670330 -~ 0638297872 | - ,0383 .82
+83 1,39583998 - 2,61445783 | 1.27868852 - ,0600706714 | - .,0408 .83
.84 1.36689703 -~ 2,57142857 | 1,26086957 - ,0563380282 | - ,0433 .84
.85 1.33880010 - 2,52041176 | 1.24334324 - ,0526315790 | ~ .0458 .85
«86 1.,31151669 - 2,48837209 | 1,22580645 - ,0489510489 | - ,0483 .86
.87 1.28501588 - 2.44827586 | 1,20855615 - ,0452061673 | - .0510 «87
.88 1.25926821 - 2,40909091 1.,19148936 - .0416666667 - ,0533 .88
.89 1.23424563 - 2,37078652 | 1.17460317 - ,0380622837 | - .,0558 «89
.90 1.20992136 - 2,33333333 | 1.15789474 -~ ,0344827586 | - .0583 .90
.91 1,18626988 - 2.,29670330 | 1,14136126 - ,0309278350 | - ,0608 .91
.92 1.,16326683 -~ 2,26086957 | 1.12500000 - ,0273972603 | -~ .0633 .92
.93 1.14088895 - 2.22580645 | 1.,10880829 - .0238907850 | - .0658 «93
.94 1.11911402 - 2,19148936 | 1,09278351 - ,0204081633 | - .,0683 94
.95 1,09792081 - 2,15789474 | 1.07692308 - 0169491525 | - .0708 «95
«96 1,07728902 - £.12500000 | 1.06122449 - ,0135135135 | - ,0733 .96
.97 1.05719924 - 2,09278351 | 1.04568528 - ,0101010101 | - ,0758 .97
.98 1.03763287 - 2,06122449 | 1,03030303 - 00671140940 - ,0783 .98
.99 1,01857214 - 2,03030303 | 1,01507538 - ,00334448161| - .0808 »99

1,00 1,00000000 -~ 2,00000000 | 1.00000000 o] - .0833 1,00

1.01 ,981900144 | - 1.97029703 .985074627 .00332225914 | - ,0858 1,01

1,02 964256925 | - 1,94117647 .970297030 .00662251656 | ~ ,0883 1,02

1.03 .947055345 | - 1,91262136 955665025 00990099010 | - .0908 1,03

1,04 .930281019 | - 1.88461538 .941176471 0131578947 | - .0933 1.04

1.05 .013920147 | - 1,85714286 .926829268 0163934426 | - ,0958 1,05

1,06 .897959478 | - 1.,83018868 .912621359 0196078431 | - ,0983 1,06

1,07 .882386289 | - 1,80373832 .B98550725 .0228013029 | - ,1008 1,07

1,08 .867188367 | - 1.77777778 .884615385 0259740260 | - .1033 1,08

1,09 852353967 | - 1,75229358 .870813397 .0291262136 | - ,1058 1,09

1,10 .837871806 | - 1,72727273 857142857 .0322580645 | - ,1083 1.10

1.11 823731033 | - 1,70270270 .843601896 0353697749 | - .1108 1,11

1,12 .809921211 | - 1:67857143 .830188679 .038461.5385 | - ,1133 1.12

1,13 .796432302 | - 1,65486726 816901408 .0415335463 | - ,1158 1.13

1.14 .783254643 | -~ 1.63157895 .803738318 .0445859873 | - ,1183 1.14

1.15 770378931 | - 1.60869565 .790697674 .0476190476 | - .1208 1.15

1.16 757796208 | - 1.58620690 JTTTTTTT8 0506320114 | - .1233 1.16

1.17 .745497846 | - 1.56410256 764976959 L0536277603 | - ,1258 1417

1,18 L733475529 | - 1,54237288 752293578 .0566037736 | - ,1283 1.18

1,19 .721721247 | - 1.52100840 2739726027 .0595611285 | - .1308 1.19

1,20 .710227272 | - 1.50000000 727272727 0625000000 | - .,1333 1,20

1,21 .698986155 | - 1,47933884 .714932127 0654205607 | ~ .1358 1,21

1.22 687990708 | - 1.45901639 2702702703 .0683229814 | - ,1383 1.22

1,23 677234001 | - 1.43902439 690582960 0712074303 | - ,1408 1,23

1,24 .666709335 | - 1,41935484 .678571429 0740740741 | - ,1433 1.24

1.25 656410257 | - 1,40000000 666666667 .0769230769 | - .1458 1.25

1.26 .646330524 | - 1,38095238 654867257 .0797546012 | - ,1483 1.26

1.27 636464112 | - 1.36220472 .643171806 .0825688073 | - ,1508 1,27

1.28 .626805198 | - 1,34375000 631578947 .0853658537 | - 1533 1.28

1,29 .617348163 | - 1.32558140 .620087336 .0881458967 | - .1558 1.29

2g2
202 202 2p2 202 3 C.C
5C3 3Cz 3Cl sco be(4’(é) ha

10(b)




NACA TN 2214

FOUR-POINT DIFFERENTIATION COEFFICIENTS

1411

For any value of r=2-2
b ¢

2 Yi—2¥p+¥s 3 2
(D y)x=x2= b2 3R
where
2,2_ b% L4
sR-—— B+

For any value of p=

where

2
R--D g




i1all

NACA TN 2214

FOUR-POINT DIFFERENTIATION COEFFICIENTS
(O*Vaxp L & 20y 4+ i (i=3,0)
e PR T '
bs j=o
2.3
E
aa 2c3 203 2c3 203 SR TIN

Lo 370 371 372 373 bef " (8)

0.10 ~25,9740260 31,0000000 =7.45454545 2,42857143 0.6917 0,10
.11 -23.2891228 28,2727273 -7.40540541 | 2,42180095 6942 .11
.12 ~21.0579518 26,0000000 ~7.35714286 | 2.41509434 #6967 Jl2
«13 -19,1756393 24.,0769231 =7.30973451 2,40845070 6992 W13
.14 -17.5672827 22.4285714 -7.26315789 | 2,40186916 »7017 .14
.15 -16.1779575 21,0000000 -7.21739130 | 2.39534884 »7042 .15
.16 -14,9664751 19.7500000 -7.17241379 | 2,38888889 +7067 .16
17 ~13.9013422 18.6470588 -7.12820513 | 2,38248848 .7092 .17
.18 ~12.9580677 17.6666667 -7.08474576 | 2.37614679 #7117 .18
.19 -12,1173199 16,7894737 ~7.04201681 | 2,36986301 27142 .19
.20 -11,3636364 16.0000000 ~7.00000000 | 2,36363636 «7167 .20
.21 -10,6845027 15.2857143 -6.95867769 | 2.35746606 «7192 .21
.22 -10,0696822 14.6363636 -6,91803279 | 2,35135135 .7217 .22
.23 - 9.51072096 14.0434783 -6,87804878 | 2,34529148 »7242 .23
.24 ~ 9,00057603 13.5000000 -6.83870968 | 2.33928571 27267 .24
+25 - 8.,53333332 13.0000000 ~6.80000000 | 2.33333333 .7292 .25
.26 - 8.10399039 12,5384615 -6,76190476 | 2,32743363 L7317 .26
.27 - 7,70828757 12,1111111 -6.72440945 | 2,32158590 L7342 .27
.28 ~ 7.34257518 11.7142857 -6.,68750000 | 2,31578947 7367 .28
.29 - 7.00370847 11.3448276 -6,65116279 | 2,31004367 .7392 .29
.30 - 6,68896320 11,0000000 -6.61538462 | 2,30434783 27417 .30
.31 ~ 6,39596799 10.6774194 -6.58015267 | 2.29870130 .7442 .31
.32 - 6.12264891 10,3750000 -6.54545455 | 2,29310345 +7467 .32
.33 - 5,86718454 10.0909091 -6.51127820 | 2,28755365 $7492 «33
.34 - 5.62796874 9.82352941 | -6.47761194 .| 2,28205128 #7517 .54
+35 - 5.40357987 9457142857 | -6.44444444 | 2.27659574 $7542 .35
36 - 5.19275508 9.33333333 | -6,41176470 | 2.27118644 .7567 .36
.37 - 4.99436886 9.10810811 | =6.37956204 | 2.26582278 27592 .37
.38 - 4.8B0741495 8.89473684 | -6.34782609 | 2.26050420 .7617 .38
»39 - 4.63099107 8.60230769 | -6.31654676 | 2,25523013 .7642 «39
.40 - 4,46428572 8.50000000 | -6.28571429 | 2,25000000 .7667 .40
41 ~ 4,30656729 8.31707317 | -6.25531915 | 2,24481328 <7692 .41
.42 - 4.15717446 8.14285714 | -6,22535211 | 2,23966942 L7717 .42
.43 - 4,01550789 7.97674419 | -6.19580420 | 2,23456790 $7742 .43
44 - 3.88102336 7.81818182 | -6,16666667 | 2.22950820 #7767 .44
.45 - 3.75522543 7.66666667 | -6.13793103 | 2,22448980 7792 .45
.46 -~ 3.63166228 7.52173913 | -6.10958904 | 2.21951220 .7817 .46
.47 - 3.51592097 7.38297872 | -6,08163265 | 2,21457490 .7842 .47
.48 - 3.40562337 7.25000000 | -6.05405405 | 2,20967742 .7867 .48
.49 - 3.30042262 7.12244898 | -6.02684564 | 2.20481928 .7892 .49
.50 & ~ 3,20000000 7.00000000 | -6,00000000 | 2,20000000 +7917 .50
.51 - 3.10406213 6.88235294 | -5.97350993 | 2,19521912 .7942 .51
.52 - 3.01233854 6.76923077 | -5.94736842 | 2,19047619 .7967 .52
.53 - 2,92457948 6.66037736 | -5.92156863 | 2,18577075 »7992 «53
.54 - 2,84055402 6.55555556 | -5.89610390 | 2,18110236 +8017 .54
.55 - 2,76004830 6.45454545 | -B,87096774 | 2,17647059 .8042 +55
.56 - 2,68286401 6.35714286 | -5,84615385 | 2,17187500 +8067 .56
.57 - 2.60881702 6.26315789 | -5.82165605 | 2.16731518 .8092 «57
.58 - 2.53773614 6.17241379 | -5.79746835 | 2,16279070 .8117 .58
.59 ~ 2.46946202 6.08474576 | ~5.77358491 | 2,15830116 8142 «59
.60 - 2,40384615 6.00000000 | -5.75000000 | 2,15384615 .8167 .60
.61 - 2.34075000 5.91803279 | -5.72670807 | 2.14942529 .8192 «61
.62 - 2,28004414 5.83870968 | -5,70370370 | 2,14503817 +8217 .62
63 - 2,22160758 5.76190476 | ~5.68098160 | 2,14068441 .8242 .63
.64 - 2.16532704 5.68750000 | -5.65853689 | 2.13636364 8267 64
+65 - 2.11109646 5.61538462 | -5.63636364 | 2.13207547 .8292 «65
.66 - 2.05881627 5.54545455 | -5.61445783 | 2,12781955 +8317 +66
.67 - 2,00839308 5.,47761194 | -5.59281437 | 2,12359551 +8342 .67
«68 - 1,95973911 5.41176471 | -5.57142857 | 2,11940299 .8367 .68
.69 - 1.91277186 5.34782609 | -5.55029586 | 2,11524164 8392 .69

2E0

3 cc
2 200 2r0 200 ORI p=—=—
3C§ 3c2 3C| 3Co %t (&) a

12(a)

67
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FOUR-POINT DIFFERENTIATION COEFFICIENTS

NACA TN 2214

(D y)x.—xl p Z 5CJ yJ *SR (i-3,0) i
be j=o0
23
a_a 203 203 203 203 2

r bc 3C0 BCI 3C2 373 bzf(“(é)

0,70 - 1,86741363 5,28571429 «5,52941176 2,11111111 0.8417 0,70
.71 - 1,82359125 5.,22535211 -5,50877193 2,10701107 8442 «71
o 72 - 1,78123575 5,16666667 ~5,48837209 2,10294118 «8467 .72
o735 - 1,74028206 5.10958904 =5.46820809 2,09890110 8492 .73
74 - 1,70066871 5,05405405 -5,44827586 2,09489051 8517 74
75 - 1,66233765 5.00000000 -5,42857143 2,09090909 8542 W75
76 - 1,62523404 4,94736842 -5,40908091 2,08695652 +8567 «76
77 - 1.58930589 4,89610390 -5,38983051 2,08303249 8692 o 77
78 - 1,55450403 4,84615385 ~5,37078652 2,07913669 +8617 78
.79 - 1.52078187 4,79746835 | -5,35195531 | 2,07526882 .8642 .79
.80 - 1,48809524 4.75000000 | -5,33333333 | 2,07142857 +8667 .80
.81 - 1,45640223 4,70370370 | -5.,31491713 | 2,06761566 8692 .81
.82 - 1.42566308 4,65853659 | -5.29670330 | 2,06382979 8717 .82
.83 - 1.39583998 4,61445783 | -£.27868852 | 2,06007067 8742 .83
.84 - 1.36689703 4,57142857 | -5,26086957 | 2.05633803 8767 +84
.85 - 1.33880010 4,52941176 | -5.24324324 | 2,05263158 8792 .85
.86 ~ 1,31151669 4.48837209 | -5.22580645 | 2.04895105 .8817 86
87 - 1,28501588 4,44827586 | -5.20855615 | 2,04529617 .8842 .87
.88 - 1.25926821 4,40909091 | =5,19148936 | 2,04166667 «8867 .88
.89 - 1.23424563 4.37078652 | ~5.17460317 | 2,03806228 8892 .89
+90 - 1.20992136 4.35333333 | -5,15789474 | 2,03448276 .8917 .90
.91 - 1.18626988 4,29670330 | -5,14136126 | 2,03092784 8942 .91
.92 - 1,16326683 4,26086957 «5,12500000 2,02739726 8967 .92
95 - 1,14088895 4,22580645 «5,10880829 2,02389078 +8992 «93
+94 - 1.,11911402 4,19148936 «5,09278351 2.,02040816 +9017 +94
«95 - 1,09792081 4,15789474 | -5,07692308 | 2,01694915 .9042 .95
+96 - 1,07728902 4,12500000 -5,06122449 2,01351351 +9067 «96
.97 - 1.05719924 4,00278351 | =5.04568528 | 2,01010101 .9092 .97
.98 - 1.03763287 4,06122449 | -5.,03030303 | 2.00671141 .9117 .98
.99 - 1.01857214 4,03030303 | ~5,01507538 | 2,00334448 .9142 .99

1,00 - 1,00000000 4,00000000 | =-5,00000000 | 2,00000000 .9167 1,00

1.01 - ,981900144 3,97029703 | -4.98507463 | 1,99667774 .9192 1,01

1,02 - 964256925 3,94117647 | -4.97029703 | 1.99337748 .9217 1.02

1.03 - 947055345 3,91262136 | -4.95566502 | 1.99009901 .9242 1.03

1.04 - .930281019 3.88461538 | -4.94117647 | 1,98684211 0267 1.04

1,05 - .913920147 3.85714286 | —4.92682927 | 1.98360656 .9292 1.05

1.06 - .B97959478 5.830168868 | -4.,91262136 | 1.98039216 29317 1.06

1.07 -  .882386289 3,80373832 | -4.89855072 | 1.97719870 .9342 1,07

1.08 - .867188367 3.777T7T7778 | -4.88461538 | 1.97402597 .9367 1,08

1.09 - .B52353967 3,75229358 | ~4.87081340 | 1,97087379 .9392 1.09

3

1.10 -  .837871806 3.,72727273 | -4.85714286 | 1,96774194 .9417 1.10

1,11 - .B23731033 3.70270270 | -4.84360190 | 1.96463023 09442 1.11

1.12 - .809921211 3.67857143 | -4.83018868 | 1,96153846 49467 1.12

1,13 - 796432302 3,65486726 | -4.81690141 | 1.95846645 .9492 1.13

l.14 - 783254643 3,63157895 | —4,80373832 | 1,95541401 .9517 1.14

1,15 - 770378931 3.60869565 | -4,79069767 | 1,95238095 .0542 1.15

1.16 - 757796208 3.58620690 | =4,77777778 | 1,94936709 9567 1.16

1.17 - 745497846 3,56410256 | -4.76497696 | 1,94637224 .9592 1.17

1.18 - 733475529 3.54237288 | =4.75229358 | 1,94339623 »9617 1,18

1.19 - 721721247 3.52100840 | =4.73972603 | 1.94043887 £9642 1.19

1.20 - .710227272 3.50000000 | -4.72727273 | 1,93750000 29667 1.20

1.21 - .698986155 3.47053884 | -4.71493213 | 1,93457944 .9602 1,21

1.22 - .687990708 3,45901639 | =4,70270270 | 1,93167702 9717 1.22

1.23 - .677234001 3,43902439 | =4.69058296 | 1,92879257 ,9742 1.23

1.24 - .666709335 3.41935484 | =4,67857143 | 1,92592593 9767 1.24

1.25 - 656410257 3,40000000 | -4,66666667 | 1,92307692 .9792 1.25

1.26 - 646330524 3.38095238 | -4,65486726 | 1,92024540 .9817 1.26

1,27 - 636464112 3.36220472 | -4.64317181 | 1.91743119 .9842 1.27

1.28 - .626805198 3.34375000 | —=4.63157895 | 1,91463415 .9867 1.28

1.29 - .617348163 3,32558140 | ~-4.62008734 | 1.,91185410 .9892 1.29

§E° p_c_<:
200 2 200 200 2.(4) ba
305 3Cg 30 3o oo (8

12(b)

TT%1



NACA TN 2214
-
FOUR-POINT DIFFERENTIATION COEFFICIENTS
-
(D), .~ S 3Ci y; 4 3R (i=0,1,2,3)
xx;p3 O 30j Vit T
j=o
3.0 ] 2
a RERERE:
a . . . )
r=—=— el 3¢l 3¢l 3¢l (4) 4) (4) )
bc 3G Y 362 3V3 bf " (&) bf' ') bf (&) | bf (&)
0,10 -25,9740260 30,0000000 |=5,45454545]1,42857143 | =0.8250 ~0,7250 0.2750 1.2750 0.10
.11 -23,.2891228 27,2727273 | ~5.405405411,42180095 | -~ ,8325 - 7225 L2775 1.2775 .11
.12 -21,0879515 25,0000000 |[~-5.,35714286(1,41509434| - ,8400 - 7200 .2800 1.2800 .12
.13 ~19,1756393 23,0769231 |~5.30973451{1,40845070| - .8475 - 7175 2825 1.2825 .13
:j .14 -17.5672827 £21.4285714 [ -5.26315789|1,40186916| - .,8550 - L7150 «2850 1.2850 14
:ﬂ +15 -16,1779575 | 20,0000000 |[-5,21739130|1,39534884| - .8625 - L7125 .2875 1.2875 .15
16 -14,9664751 ' 18,7500000 |-5,17241379|1.38888889| = 8700 - L7100 2900 1.2900 .16
17 -13,9013422 | 17.6470588 -5,12820513}1,38248848 | ~ ,8775 - L7075 2925 1.2925 .17
.18 -12,9580677 | 16.6666667 |-5,08474576|1,.,37614679| - .8850 - L7050 2950 1.2950 .18
.19 «12,1173199 } 15,7894737 |=-5.04201681]1,36986301 | « .8925 - L7025 .2975 1.2975 .19
.20 -11.3636364 15,0000000 |=5.00000000 1,36363636 | « ,9000 - 7000 3000 1,3000 .20
.21 -10,6845027 14,2857143 |~4,95867769;1.35746606 | - 9075 - .,6975 3025 1.3025 21
.22 i =10,0696822 13,6363636 |-4,91803279]1.35135135| -~ .9160 - .6950 3050 1.3050 .22
23 - 9,51072096 | 13.0434783 |-4,87804878]1,34529148 | - .9225 - 6925 .3075 1.3075 23
24 - 9,00057603 | 12,5000000 |-4.83870968|1,33928571 | - .9300 - .6900 3100 1.3100 .24
.25 - 8,53%333332 | 12,0000000 |~4,80000000|1,33333333 | - .9375 - .6875 3125 1,3125 .25
.26 - 8.10399039 | 11.5384615 (-4.76190476|1,32743363 | - .9450 - ,6850 3150 1.3150 .26
.27 - 7,70828757 | 11,1111111 |~4,72440945/1,32158590 | - .9525 - 6825 #3175 1.3175 27
.28 - 7.%4257518 | 10,7142857 |-4.68750000'1,31578947 | ~ .9600 - 6800 +3200 1.3200 .28
«29 - 7.00370847 | 10,3448276 ~4,65116279!1.31004367 | - .9675 - 6775 3225 1,3225 .29
+30 - 6,68896320 | 10.0000000 |-4.61538462;1,30434783 | - .9750 - 6750 3250 1.3250 .30
31 - 6,39596799 9.,67741935!-4,580152671.29870130 | ~ ,9825 - .B725 3275 1.3275% 31
hd 32 - 6,12264891 9,37500000|~4.54545455|1,29310345] - ,9900 ~ L8700 «3300 1.3300 «32
33 - 5,86718454 9,09090909 | -4,51127820|1.28755365 | - .9975 - 6675 3325 1.3325 33
34 - 5.62796874 8,82352941:~4,4776119411,28205128 | -1,0050 - 6650 3350 1.3350 34
35 - 5.,40557987 ! 8.57142857;-4.44444444 1.27659574 | ~1,0125 - .6625 3375 1,3375 35
- 36 - 5,19275508 | 8,33333333,-4.41176471|1,27118644 ~1,0200 ~ 46600 3400 1.3400 36
37 - 4,99436886 8.108108111—4.57956204 1.26582278 1 -1,0275 - 65675 3425 1.3425 37
«38 - 4,80741495° 7.89473684 —4.54782609‘1.26050420 -1,0350 - 6550 3450 1.3450 .38
39 - 4,63099107 7.69230769 -4,31654676:1,25523013 | -1.0425 - 6525 3475 1.3475 39
«40 - 4,46428572 7.500000001-4.28571429 1,25000000; ~1,0500 - 6500 +3500 1,3500 «40
«41 - 4,30656729 7.31707317 -4,25531915|1.,24481328 | -1,0575 - 6475 3525 1.3525 .41
.42 - 4,15717446 7.14285714 ~4,22535211|1,23966942 | -1,0650 - .,6450 3550 1,3550 .42
43 - 4,01550789 6.97674419‘-4.19580420 1,23456790 | ~1,0725 - .6425 «3575 1.3575 .43
.44 - 3.88102336 6.81818182 -4,16666667|1,22950820 | -1,0800 - ,6400 +3600 1.3600 -3
.45 - 3,75322543 6.65666667 ~4,13793103|1,22448980 | -1,0875 - 6375 3625 1.3625 .45
.46 - 3,63166228 6,52173913 -4,10958904(1,21951220; -1,0950 - .6350 «3650 1.3650 «46
.47 - 3.51592007 A,38297872 -4,08163265(1.21457490 ! -1,1025 - .6325 3675 1.3675 .47
.48 - 3.40562337 6,25000000 -4,05405405|1.20967742 § ~1,1100 - 6300 «3700 1.3700 .48
.49 - 3.30042262 6.12244898 -4,02684564|1,20481928  -1.1175 - 6275 3725 1.3725 .49
.50 - 3.20000000 6 ,00000000 -4,00000000|1,20000000,; «1,1250 - 6250 «3750 1.3750 «50
51 - 5.104052131 5,88235294 -3,97350993(1,19521912 | ~1,1325 - .6225 3775 1.3775 51
.52 - 3,01233854 | 5.76923077 ~3,94736842|1.19047619 | -1.1400 - L6200 3800 1.3800 .52
.53 - 2.,92457948 ! 5.66037756;-3.92156863 1.18577075 | -1.1475 - 6175 .3825 1.3825 53
«54 - 2,84055402 5.55555556 i ~3,89610390 11,18110236 | =1.1550 ~ ,6150 »3850 1.3850 .54
55 - 2,76004830 5.45454545!-3.8709677411.17647059 -1.1625 - 6125 «3875 1.3875 55
56 - 2.68286401 5.35714286 1 -3.84615385'1,17187500 | -1.1700 - ,6100 3900 1.3900 +56
«57 - 2.60881702 5,26315789|~3,.82165605:1,16731518 | -1,1775 - .6075 .3925 1.3925 «57
.58 - 2.53773614 5.17241379!-5,79746835[1,16279070 | -1,1850 - ,6050 3950 1.395Q .58
.59 - 2.46946202 5,08474576 |-3.77358491(1,15830116 | -1,1925 - 6025 +3975 1.3975 .59
.60 - 2,40384615 5,00000000 | -3,7500000011,15384615 | -1,2000 - L,6000 4000 1.4000 .60
.61 - 2.34075000° 4.91803279!~3,72670807 1,14942529 | -1,2075 « 5975 4025 1.4025 .61
.62 - 2,28004414 4,.83870968 -3,70370370(1,14503817 | -1,2150 - 5950 4050 1.4050 62
63 - 2,22160758 4,76190476 |-3,68098160 1,14068441 | -1,2225 - 5925 »4075 1.4075 63
64 - 2,16532704 4,68750000 -3.6585365921.13656564 «1,2300 - 5900 .4100 1,4100 .64
.65 - 2,11109646 4,61538462 |~3,6363636411,13207547 | -1.2375 - ,5875 L4125 1.4125 «65
.66 - 2,05881627 4,54545455|-3,61445783 [1,12781955 | ~1.2450 - .5850 .4150 1.4150 .66
67 - 2,00839308 4,47761194 |~3,59281437 11,12359551 | -1,2525 - .5825 «4175 1.4175 67
» .68 ~ 1.,95973911 4,41176471 |-3,57142857 11.,11940299 | -1,2600 - .5800 » 4200 1.4200 .68
€9 - 1,91277186 4,34782609 |-3,55020586(1,11524164 | -1.2675 - 5775 4225 1.4225 .69
. 363 3¢2 3g) 3g0
. -3cl -3 -3ci -3l - (i) (i) - ?4) - 3(4) -C.¢
2 32 > 30 of M| of e | of T nf ey | P
13(a)




70 NACA TN 2214

FOUR-POINT DIFFERENTIATION COEFFICIENTS

3 o 3ci y. 4 3Ri i-
(D y)x=x|—b—3 > 3CJ! yj * 3Rl (i=0,1,2,3)
j=0

3.0 1 3.2
3 3g3
) 3ci 3 30 3ci fE’ (35) (35) 3
be 370 371 372 373 bf (&) bf ) bf (&) bf(A,(E)

0.70 - 1.86741363 4,.28571429 | -3.52941176 {1.11111111 -1.2750 | =0.8780 0.4250 1.4250 0.70
.71 - 1,82359125 4,22535211 | -3.50877193 |1.10701107 -1.2825 - .5725 .4275 1.4275 <71
W72 - 1.78123575 4,16666667 | -3.48837209 [1.10294118 -~1,2900 | - ,5700 .4300 1.4300 .72
73 - 1.74028206 4,10958904 | -3.46820809 |1,09890110 -1.2975 | - .5675 .4325 1,4325 <73
.74 ~ 1,70066871 4,05405405 | =3.44827586 [1,09489051 -1,3050 - .5680 »4350 1.4350 «74 :j
75 - 1.66233765 4, 00000000 | -3.42857143 |1, 09090909 -1.3125 - .5625 4375 1.4375 75 <t
.76 - 1.62523404 3.94736842 | -3.40909091 |1.08695652 ~1.3200 | - ,5600 +4400 1.4400 .76 1
.77 ~ 1,58930589 3,89610390 | —3,38983051 |1, 08303249 | ~1.3275 - 5575 .4425 1,4428 .77
.78 - 1.55450403 3.84615385 | ~3.37078652 |1,07913669 | ~1.3350 | ~ ,5550 +4450 1.4450 .78
.79 ~ 1.52078187 3.79746835 | -%,35195531 |1,07526882 -1,.3425 - .5525 .4475 1,4475 .79
.80 - 1.48B09524 3.75000000 | -3.33333333 |1, 07142857 ~1.3500 ~ 5500 . 4500 1. 4500 .80
.81 ~ 1.45640223 3,70370370 | ~3.31491713|1.06761566 -1.3575 - .5475 .4525 1.45286 .81
.82 - 1.42566308 3. 65853659 | -3.29670330 |1.06382979 -1.3650 | - ,5450 .4550 1.4580 .82
.83 - 1,29583998 3.61445783 | —3.27868852 |1, 06007067 -1.3725 -~ ,5425 .4875 1.4575 .83
.84 - 1.36689703 3,57142857 | -3,26086957 |1, 05633803 | ~1,3800 - +5400 +4600 1.4600 .84
+85 -~ 1.33880010 3.52041176 | ~3.24324324 |1,05263158 | -1,3875 | - ,5375 . 4625 1.4625 .85
.86 - 1.31151€69 3,48837209 | -2.22580645 |1, 04895105 -~1.3950 - .5380 . 4650 1.4650 .86
.87 - 1.28501588 3.44827586 | —-3.20855615 |1.04529617 -1,4025 | - ,5325 . 4675 1.4675 87
.88 - 1.25926821 3.40909091 | ~3.19148936 |1.04166667 -1.4100 | - ,5300 + 4700 1.4700 .88
.89 ~ 1.23424563 3,37078652 | -3, 174603517 |1.03806228 | -1,4175 - ,5275 +4725 1.4725 .89
.90 - 1.20992136 5,33333333 | -3.15789474 |1.03448276 ~1.4250 - .5250 . 4750 1.4750 .90
.91 | - 1.18626988 3.29670330 | ~3.14136126 |1.03092784 ~1.4325 - 5225 24775 1.4775 .91
.92 | - 1,16326683 3.26086957 | -3.12500000 |1,02739726 | -1.4400 | - ,520C . 4800 1.4800 .92
.93 | - 1.14088895 | 3.22580645 | ~-3.10881829 1.02389078 ~1.4475 | - ,5175 .4825 1.4825 .93
.94 ~ 1.11911402 | 3.19148936 | -3.09278351 1.02040816 | -1.4550 - .5150 « 4850 1.4850 .94

|
.95 - 1,09792081 | 3,15789474 | ~3,07692308 1,01694915 -1.4625 | -~ .5125 .4875 1.4875 +95

; «96 - 1,07728902 | 3.12500000 | -3,06122449 |1,01351351 -1,4700 - .5100 . 4900 1.4900 .96
97 - 1,05719924 , 3,09278351 | ~3.045€8528 1.01010101 ~1.4775 - .5075 .4925 1,4925 <97
.98 ~ 1,03763287 |, 3.06122449 | -3,03030303 |1,00671141 ~1.4850 - .5050 .49850 1.4950 .98
.99 - 1,01857214 : 3.,03030303 | -3.01507538 1.00334448 -1.4925 - ,5025 4975 1.4975 +99

i

1.00 -~ 1,000N00000 | 3,017°000000 | -3, 00000000 {1,00000000 | -1,5000 | -~ ,5000 « 5000 1.5000 1.00

1,01 | = ,981900144 : 2.97029703 | -2.98507463 .996677741 | ~1.5075 ~ 44975 . 5025 1.5028 1.01

1,02 | - .964256925 2.94117647 | =2,97029703 | ,993377483 | -1.5150 | -~ ,4950 « 5050 1.5050 1.02

1,03 | - .947055345 ! 2,91262136 | -2,95566502 | .990099010 -1,5225 | - ,4925 <5076 1.5075 1.03

1.04 - .930281019 | 2.88461538 | ~2,94117647 | ,986842105 | ~1,5300 - .4800 .5100 ° 1. 5100 1.04

1.05 - .913920147 | 2.85714286 | -2,92682927 | .983606587 | -1.5375 - .4875 . 5125 1.5125 1.05

1.06 - .897959478 | 2,83018868 | ~2.91262136| .980392157 | ~1,5450 | - .4850 . 5150 1.5180 1.06

1.97 - .882386289 | 2.80373832 | -2.89855072 | ,977198697 | ~1.5525 - ,4825 .5175 1.5175 1.07

1.08 ~  .867188367 | 2.7777T7TTT8 | -2.88461538 | .974025974 | -1,5600 | - .4800 « 5200 1, 5200 1.08

1.09 - .852353967 | 2.75229358 | -2,87081340 | ,970873786 | ~1.5675 - 4775 . 5225 1.5225 1.99

1.10 - .837871806 | 2,72727273 | ~2.85714286| .967741936 | ~1.5750 - .4750 . 5250 1.5250 1.10

1.11 —  .B823731033 | 2,70270270 | -2,84360190 | .964630225 | -1.5825 - .4725 . 5275 1.5275 1.11

1.12 —  .809921211 | 2.67857143 | -2.83018868 | ., 961538462 | =1.5900 | ~ .4700 « 5300 1.5300 1.12

1.13 - .796432302 | 2,65486726 | ~2.81690141| .958466454 | -1.5975 - .4675 . 5325 1.5325 1.13

1.14 - .783254643 | 2,63157895 | =2,80373832 | 95541401 -1,6050 - .4650 » 5350 1.5350 1.14

1.15 - .770378931 | 2.60869565 | =2,79069767 | .95238095 -1,6125 | - .4625 . 5375 1.5375 1.15

1.16 - 757796208 | 2.58620690 | =2,77777778 | 94936709 ~1,6200 -~ ,4600 . 5400 1.5400 1.16

1.17 - 745497846 | 2,56410256 | -2,76497696 | ,94637224 -1.8275 - .4575 5425 1,5425 1.17

1.18 ~  .733475529 | 2,54237288 | -2,75229358  ,94339623 -1.6350 - 4550 « 5450 1,5450 1.18

1.19 - 721721247 | 2.52100840 | =2,73972603 | .94043887 -1.6425 - .4528 5475 1.5475 1.19

1.20 - 710227272 | 2.50000000 | =2.72727273 | ,93750000 -1.6500 ~ .4500 + 5500 1.5500 1.20

1.21 - 698986155 | 2.47933884 | ~2.71493213 | ,95457944 -1.6575 - .4475 . 5525 1.5525 1.21

1.22 - .687990708 | 2.45901639 | =2,70270270 .83167702 -1.6650 | - ,4450 5550 1,55850 1.22

1.23 - 677234001 | 2.43902439 | -2,69058296 | , 92879257 -1.6725 - .4425 +5575 1.55756 1.235

1.24 - .666709335 | 2.41935484 | -2,67857143 | .92592593 -1,6800 [ ~ .4400 + 5600 1.5600 1.24

1.25 - 656410257 | 2,40000000 | =2,66566667 | 92307692 -1.6875 - .4375 «5625 1.5625 1.25

1.26 - 646330524 | 2.38095238 | -2.65486726 | , 92024540 -1.6950 - 4350 5650 1.5650 1.26

1.27 - .636464112 | 2.36220472 | =2.64317181 | ,91743119 -1,7025 - ,4325 + 5675 1.5675 1.27

1.28 ~ 626805198 | 2.34375000 | -2,63157895 | ,91463415 | -1.7100 - .4300 « 5700 1.5700 1.28

1.29 - .617348163 | 2.32558140 | =2,62008734 | .91185410 | -1.7175 - .4275 « 5725 1.5725 1.29

33 32 i 3
_3ci _5ci _3ci _3ci _ SE - 3E - 3E - 3Eo cc
47 Lt
373 372 31 370 ) bfl4l(5) bf(“(é) bf(“(E) p ba

13(b)
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NACA TN 2214

FIVE-POINT DIFFERENTIATION COEFFICIENTS

4
| =4 Ici y. 4 bpi- i
(0'¥)xax B % Chyj o+ R (i=0,4)
aaa g°

-aaa 100 100 100 100 100 4

r cd 4Co 4C| 4C2 ¢C3 ACA b4f‘5’(£)

0.10 |~11.7078620 {11.9350000 -0,295909092 0,0811904762 | -0, 0124193548 0, 0060 0.10
.11 [(-10.7872870 |11,0362591 - «325149099 0899836493 | - ,0138065916 « 0067 .11
.12 {-10,0184014 |10.2880667 - .354342857 0988981132 | -~ ,0152205128 .0074 »12
13 |- 9,36623583 | 9,65845769 | - ,383494248 + 107933568 - .0166611821 . 0082 »13
.14 |- 8.80581118 | 9,11945714 | — , 412607018 + 117089720 -~ .0181286624 . 0089 »14
«15 |- 8.31880848 | 8,65375000 | - .441684783 126366279 - .0196230159 0097 .15
+16 |~ 7.89148762 | 8.24760000| - , 470731034 » 135762963 - .0211443038 . 0106 .16
<17 [= 7.51334070| 7.89050294 | - .499749145 + 145279493 ~ 0226925868 .0114 » 17
+18 |~ 7,17619419 | 7.57428889 | -~ , 528742373 . 154915596 -~ .0242679245 .0123 »18
<19 |~ 6,87359466 | 7,29250789 | - .557713E66 + 164671005 -~ ,0258703762 . 0132 .19
«20 [~ 6,60037879 | 7.04000000| - .586666667 «174545455 -~ + 0275000000 .0141 «20
«21 |- 6.35236621| 6.81258810 | ~ ,615603719 .184538688 - .0291568536 +»0150 .21
.22 |- 6.12613613 | 6,60685455| - .644527869 + 194650450 - 0308409938 . 0160 .22
«23 |~ 5.91886223 | 6.41997609 | - .673441870 .204880493 - 0325524768 . 0170 w23
.24 |~ 5,72818882 | €6,24960000| ~ ,702348387 «215228571 - ,0342913580 .0180 .24
+25 |- 5,55213675| 6,09375000 | -~ ,731250000 «225694444 - 0360576923 . 0190 .25
«26 |= 5.38903098 | 5.95075385 | = .760149206 238277876 - ,0378515337 . 0201 .26
27 |~ 5,23744431| 5.81918704 | ~ .789048425 + 246978634 - ,0398729358 . 0212 .27
28 [~ 5,09615311 | 5.69782857 | ~ 817950000 «257796491 - .0415219512 . 0223 .28
+29 |~ 4,96410225 | 5,58562586 | ~ ,846856202 »268731223 - .0433986322 .0235 .29
«30 |~ 4,84037701 | 5.48166667 | - ,875769231 .2797826009 - , 0453030303 . 0247 +30
«31 |~ 4,72418046 | 5,38515645 | - ,904691221 290950433 ~ ,0472351964 .0259 +31
+32 |- 4,61481506 | 5,29540000 | — .933624242 « 302234483 -~ ,0491951807 .0271 .32
«33 |~ 4,51166758 | 5.21178636 | ~ ,962570301 . 313634549 - .0511830330 . 0284 «33
o34 = 4,42419675 | 5,13377647 | -~ .991531343 « 325150427 - .0531988024 . 0287 .34
+35 |~ 4.32192297 | 5,06089286 | ~1,02050926 + 336781915 - ,0552425373 .0310 «35
«36 |-~ 4,23441975 | 4,99271111 | -1,04950588 + 348528814 - ,08573142857 . 0324 .36
«37 |~ 4,15130654 | 4,92885270 | -1,07852299 « 360390928 ~ . 0594140950 . 0337 «37
.38 |- 4.07224268 | 4,86897895 | -1,10756232 . 372368067 - .0615420118 .0352 «38
+39 |~ 3.99692232 | 4,81278590 | -1.13662554 « 384460042 - ,0636980826 0366 «39
«40 |= 3.92507003 | 4,76000000 | ~1,16571429 . 396666667 - ,065882352¢ .0381 .40
+41 |- 3,85643714 | 4,71037439 | ~1,19483014 . 408987759 - .0680948680 . 0396 41
.42 |- 3,79079853 | 4.66368572 | ~1,223974€5 421423140 ~ 0703356725 .0411 .42
43 |= 3,727904992 | 4.61973140 | -1.25314930 «433972634 - ,0726048105 0427 +43
.44 |~ 3.66770546 | 4,57832727 | -1,28235556 +446636066 - ,0749023256 . 0442 .44
»45 |- 3.60089573 | 4,53930556 | -1,31159483 «459413265 - 0772282609 0460 «45
+46 |- 3.55436596 | 4.50251304 | =1,34086849 + 472304065 - 0795826590 .0476 .46
«47 |~ 3.50007442 | 4,46780957 | ~1,37017789 » 485308300 -~ . 0819655620 .0494 .47
.48 |~ 3,44959114 | 4,43506687 | —1.39952432 « 498425806 ~ 0843770115 L0511 .48
«49 |= 3.40000664 | 4,40416633 | ~1,42890006 » 511656488 - 0868170487 . 0529 .49
+50 |- 3.35238095 | 4.37500000 | ~1,45833333 « 525000000 ~ .0892857143 . 0547 .50
o581 |~ 3,30634263 | 4,34746765 | ~1,48779834 538456375 - ,0917830484 + 0565 .51
.52 |~ 3,26188796 | 4.32147692 | ~1,51730526 552025397 - . 0943090009 + 0584 .52
«53 |~ 3.21893026 | 4.29694245 | -1,54685523 . 585706917 - , 0968638810 . 0604 +53
«54 |= 3,17738916 | 4,27378519 | =1,57644935 . 579500787 - .0994474570 . 0623 .54
«55 |~ 3,13719011 | 4.25193182 | -1,60608871 « 593406883 - ,102059859 . 0643 .55
.58 |~ 3,00826380 | 4.23131429 | ~1,63577436 « 807425000 - .104701124 » 0664 .56
.57 |~ 3.06054574 | 4,21186930 | —-1.668550732 « 821555058 - ,107371289 . 0684 «57
.58 [~ 3,02397583 | 4.19353793 | ~1,69528861 + 635796899 - »110070391 +0708 58
.59 |~ 2,98849799 | 4,17626525 | -1,72511918 850150386 -~ .112798468 . 0727 .59
«60 |~ 2,95405983 | 4.16000000 | -1.75500000 + 664615385 - .115555556 0749 .60
«61 |- 2,02061235 | 4,14469426 | ~1,78493199 . 679181762 - ,118341690 .0771 .61
.62 |- 2.88810966 | 4,13030323 | -1,81491605 . 693879389 -~ .121156906 0794 .62
.83 |~ 2,85650875 | 4,11678492 | -1.84495307 .708678137 ~ .124001240 . 0817 .63
.64 [~ 2,82576925 | 4,10410000 | -=1,87504390 .723587878 - ,126874725 0841 «64
«85 |= 2.79585324 | 4,00221154 | ~1,90518939 .738608490 - +129777397 .0864 .65
.66 |~ 2,76672505 | 4,08108485 | ~1,93539036 +'753739850 - .132709290 . 0889 +66
.87 |~ 2,73835111 | 4,07068731 | ~1.96564760 .768981835 - 135670438 . 0914 67
.68 |- 2,71069980 | 4,06098824 | ~1,99596190 784334328 - .138660870 . 0939 .68
.69 |~ 2,68374126 | 4.05195870 | -2.,02633402 799797212 - .141680623 . 0965 .69

g4
Y _ lee _ipse _ leé Y L d d
‘C‘ 4C3 4C2 4C' 4Co LD ® 0=

L4(a)
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FIVE-POINT DIFFERENTIATION COEFFICIENTS

NACA TN 2214

! LS i igi i '
(D ”X=Xrb Z 4C_j yj * 4R (i=0,4)
Jj=0

r_a_a_a ,:Eo

BaSatta 10 1~0 i 100 100 LN
becd «Co L oA L5 5 )

0.70 |- 2.65744736 4,04357143 | -2, 05676471 0.815370370 | ~0,144729730 0,.0991 0,70
J71 |~ 2,63179149 4,03580070. | ~2,08725468 .831053690 | -~ ,147808221 .1017 .71
.72 |~ 2.60674850 4,02862222 | -2,11780465 .846847059 | -~ ,150916129 1044 .72
W73 |- 2,58220457 4,02201301 | -2,14841532 ,862750366 | - ,154053485 .1072 .73
.74 |~ 2,55840717 4,01595135 | -2,17908736 878763504 | = .157220321 .1100 .74
.75 |- 2,53506493 4,01041667 | —-2,20982143 .894886364 | ~ 160416667 .1128 .75
.76 |~ 2,51224758 4,00538947 | —~2.24061818 .911118841 | ~ .163642553 .1187 .76
7 |- 2.48993587 4,00085130 | -2.27147825 .927460830 | ~ .166898011 .1186 .77
.78 |~ 2.46811153 3,99678462 | ~2,30240225 .943912230 | ~ .170183069 .1216 .78
79 |- 2,44675718 3.99317278 | -2, 33339078 .960472939 | - 173497757 .1246 .79
.80 |- 2,42585631 3,99000000 | ~2.36444444 .977142857 | - .176842105 1277 .80
.81 |- 2,40539316 3,98725123 | -2.39556381 .993921886 | ~ ,180216142 . 1308 .81
.82 |~ 2,38535278 3,98491220 | —2.42674945 1.01080993 - .183619895 .1340 .82
.B3 |~ 2,36572086 3.98206927 | -2.45800191 1. 02780689 -~ .187053394 .1372 .83
.84 |- 2,34648379 3,98140953 | -2,48932174 1.04491268 - .190516667 . 1405 .84
.85 |- 2,32762858 3.98022058 | —2, 52070946 1.06212719 - .194009740 .1438 .85
.86 |~ 2,30914281 3.97939071 | —-2.55216559 1,07945035 - .197532642 .1472 .86
.87 |- 2.29101463 3.97890862 | ~2, 58369064 1,09688206 - .201085401 .1506 .87
.88 |~ 2,27323271 3.97876364 | ~2.61528511 1,.11442222 - 204668041 .1541 .88
.89 |- 2.25578620 .97894550 | ~2.64694947 1.13207076 - ,208280591 .1576 .89
.90 |- 2.23866474 3,97944444 | -2,67868421 1.14982759 - ,211923077 .1612 .90
.91 |- 2.22185839 3.98025110 | —2.71048979 1.16769261 - ,215595524 .1648 .91
.92 |~ 2.20535765 3.98135653 | ~2,74236667 1.18566575 - ,219297959 .1685 .92
.93 |~ 2.18915339 3.98275215 | ~2,77431528 1.20374693 - ,223030407 .1722 .93
.94 |~ 2.17323686 3,98442979 |«2,80633608 1.22193605 - .226792893 1760 .94
.95 |= 2,15759970 3,98638157 | -2,83842949 1.24023305 - ,230585443 . 1799 .95
.96 |= 2,14223384 3.,98860001 | —-2.87059592 1.25863784 - ,234408081 .1838 .96
.97 |- 2.12713155 3,99107784 | ~2.90283579 1.27715034 - 238260831 .1878 .97
.98 |- 2,11228542 3,99380816 | —=2.935514949 1,29577047 - ,242143719 .1918 .98
.99 |- 2,09768830 3,90678434 | —~2,96753744 1.31449816 - 246056767 +1959 .99

1.00 |~ 2,08333333 4,00000000 | =3,00000000 1.33333333 - .250000000 .2000 1,00

1.01 |- 2,06921392 4,00344901 | -3, 03253756 1.35227591 - 4253973441 .2042 1,01

1.02 |~ 2,05532371 4,00712549 | -3,06515050 1.37132583 - 257977114 .2085 1,02

1.03 |- 2,04165658 4,01102379 | -3, 09783916 1.39048300 - 262011042 2128 1.03

1.04 |~ 2.02820666 4,01513846 | ~3,13060392 1,40974737 - .266075248 2171 1.04

1.05 |- 2.01496826 4,01946429 | ~3.16344512 1.42911885 - .270169753 .2216 1.05

1.06 |- 2.,00193592 4,02399623 | -3.19636311 1,44859739 - .274294581 .2261 1,06

1.07 |~ 1.98910437 4,02872944 {-3.22936821 1.46818290 - 278449754 .2306 1.07

1,08 |- 1,97646852 4,03365926 | —3.26243077 1.48787532 - 282635294 .2352 1.08

1.09 |- 1.96402346 4,03878119 |-3,29558110 1.50767460 - .286851222 .2399 1,09

1.10 |~ 1.95176447 4,04409091 |-3,32880952 1,52758065 - ,291097561 2447 1.10

1.11 - 1.93968696 4.04958423 |-2,36211635 1.54759341 ~ .,295374331 .2495 1.11

1.12 |- 1,92778652 4,05526714 | -3.39550189 1.56771282 - 299681553 .2543 1.12

1.13 |- 1,91605889 4,061105875 | -3,42896643 1.58793882 - ,304019249 .2593 1.13

1.14 |- 1.90449993 4,06712632 | —-3.46251028 1.60827134 - ,308387440 -2643 1.14

1.15 (- 1.89310567 4,07331521 | —-3,49613372 1.62871032 - ,312786145 .2694 1.15

1.16 |- 1,88187224 4.07966897 |-3.52983704 1.64925570 —~ .317215385 +2745 1.1¢6

1.17 |- 1.87079591 4,08618419 |—3.56362051 1. 66990741 - .321675180 2797 1.17

1,18 |-~ 1.85987308 4,09285763 | —~3.59748440 1.69066541 - ,326165550 .2849 1.18

1.19 |~ 1.84910025 4,09968613 | ~3.63142900 1.71152962 - 330686516 .2903 1.19

1,20 |- 1.83847403 4.10666667 | ~3,66545455 1.73250000 - ,335238095 .2957 1.20

1.21 |~ 1.82799114 4.11379628 |~-3.69956131 1.75357648 - 339820309 .3012 1.21

1.22 |~ 1.81764841 4,12107214 ~3,73374955 1.77475901 - 3544433175 . 3067 1.22

1,23 |- 1,80744277 4,12849146 | ~3.76£01951 1.79604752 - 349076714 . 3123 1.23

1.24 |- 1,79737122 4,13605162 |-3.80237143 1.81744198 - , 353750043 .3180 1,24

1.25 |~ 1,78743087 4,14374999 | ~3,.83680556 1.83894231 - .358455882 « 3237 1.25

1.26 |~ 1,77761892 4,15158413 |-2.87132212 1,86054847 - , 363191549 . 3296 1.26

1.27 |- 1.76793264 4,15955157 |—3.90592137 1.88226040 - 367957963 +3355 1.27

1.28 |- 1.75836940 4.16765091 |=5.94060351 1.90407805 - .372755140 .3414 1.28

1.29 |- 1.74892662 |- 4.1758771% -3.97536878 1.92600137 - 377583100 . 3475 1.29

gt
4 4 d
104 104 o4 ira 104 add
| - 4G - 4C3 4C2 4C| 4Co v () P~cba

14(v)

TIPT




1411

NACA

TN 2214

FIVE-POINT DIFFERENTIATION COEFFICIENTS

(0 ¥)yux =t Igh y. 4 (R i=
X=X b =0 4] Yj 4 (i=l,3)
Pl
aaa et el o el It €
e +% L 7o 43 L4 b3 (e
0.10 (-B.37871806 | B8,16B66667 £272727273 | —, 0714285714 | .0107526882 | -, 0050 0.10
.11 |~7,48846393 ‘ 7.25757576 .297297297 | -, 0781990521 ! ,0117899250 | —, 0055 .11
W12 '=6,74934342 f €, 50000010 » 321428571 | -, 0849056604 | .0128205128; =, 0080 .12
.13 [=-6,12640232 | 5,85897436 » 345132743 | ~, 0915492958 | ,0138445154 | -, 0065 .13
.14 }—5.59467602 ‘ 5.30952381 368421053 —'0981308411i .0148619958 | ~, 0070 .14
‘ 015 ‘—5.13585953 : 4,83333333 391204348 | -, 104651163 } . 0158730159 | -, 0075 .15
1 W16 \—4.75622630 1 4.41666667 «413793103 : -.111111111 | .0168776%71| —.0080 .16
<17 -4,38528144 | 4,04901961 « 435897436 | -,117511521 .0178759201 | -, 0085 17
.18 '—4,07486405 } 3.72222222 457627119 | -, 123853211 ‘ . 0188679245 | -, 0090 .18
.19 '~-3,79853288 | 3.42982456 .478991597 | -, 130136986 | ,0198537095| —.0095 .19
+20 [ ~3,55113636 1 3,16666667 . 500000000 ’—.156563636 [ .0208333333 | -, 0100 .20
.21 =3,32850550 | 2,92857143 . 520661157 | —,142533937 ‘ . 0218068536 | -, 0105 .21
22 [ =3,12723050 ‘ 2.71212121 . 540983607 | —-.148648649 | ,022774327) | -,0110 .22
.23 1-2.94449565 | 2,51449275 . 560975610 | -, 154708520 ; . 0237358101 | ~.0115 .23
<24 !-2,77795557 | 2.33333333 580645161 | ~, 160714286 ‘ 0246913580 | -, 0120 .24
I |
.25 §~2.62564103 | 2.16666667 » 600000000 | =, 166666667 | .0256410256 | —, 0125 .25
.26 !=2,48588663 | 2.N1282051 . 619047619 | —, 172566372 ‘ . 0265848671 | -, 0130 .26
.27 =2.35727448 1.87037037 « 837795276 | -, 178414097 | . 0275229358 | —,0135 .27
.28 1~2.23859000 ‘ 1.73808524 . 656250000 | -, 184210526 .0284552846 | —-, 0140 .28
.29 i~2,12878677 | 1.61494253 .674418605 ; -, 189956332 | ,0293819656 | —. 0145 .29
! ; . !
.30 |-2.02695855 | 1,50070000 . 692307692 | -, 195652174 . 0303030303 | —, 0150 «30
.31 '=1.93231661 | 1,39247312 «709923664 | —,201298701 | ,0312185297 | -, 0155 «31
.32 i—1.84417136 . 1.29166667 727272727 | -,206896552 ‘ 0321285141 | ~, 0160 .32
35 1-1.76191728 ‘ 1.19696970 «744360902 | -, 212446352 0330330330 | -, 0165 «33
.34 '=1,68502058 | 1,10784314 .761194030 | -,217948718 i . 0339321387 | ~.0170 34
i :
+35 '=1,61300892 ! 1.02380952 JTTTTTTINI | -, 223404255 | ,0348258706 | -.0175 +35
«36 [ ~1.54546282 | .944444445 +794117647 | -, 228813559 ‘ . 0357142857 | -, 0180 36
«37 '=1,48200856 i .R69369370 | ,810218978 | -, 234177215 ! . 0365974283 ! ~.0185 .37
.38 | =1.42231212 1 .798245614 ‘ 826086957 | -,239495798 | .0374753452 | -,0190 .38
.39 }—1.36607406 | .73076923) | ,841726619 | —,244769874 .0383480826 | —, 0195 .39
.40 5—1.31302521 . 666666667 I 857142857 | -.250000000 | +0392156863 | -,0200 .40
«41 ' -1,26292296 . 605691057 872340426 | -, 255186722 | .0400782014 | -, 0205 .41
.42 1 -1,21554809 . 547619048 .887323944 | -, 260330579 i . 0409356725 | ~, 0210 .42
<43 ‘—1.17070201 i . 492248062 . 902097902 | -,265432090 | .04178814381 -, 0215 .43
«44 1=1,12820446 @ ,439393939 . 916666667 | —,270491803 . 0426356589 | -, 0220 .44
.45 |=1,08789143 . 388888889 931034483 | —, 275510204 . 0434782609 | -, 0225 .45
.46 -1,04961338 « 340579710 945205479 | -.280487805 . 0443159923 | ~, 0230 .46
.47 |-~1.01323371 .294326241 . 959183673 | —, 285425101 . 0451488953 | -, 0235 .47
.48 |~ ,978627404 250000000 972972973 | -.290322581 . 0459770115 | —-.0240 .48
.49 |- ,245679834 207482993 986577181 | -.295180923 '« 0468003820 | =.0245 .49
«50 |- ,914285714 166666667 |1, 00000000 -, 300000000 . 0476190476 | —~, 0250 .50
.51 |~ .B84348185 . 127450980 |1.01224503 -, 304780876 . 0484330484 | -, 0255 .51
.52 [~ 855777994 .0897435897| 1.02631579 -, 309523810 0492424242 | -, 0260 .52
.53 |~ ,828492771 0524591195 1. 03921569 —-.314229249 . 0500472143 | ~, 0265 .53
+54 |~ ,802416390 +0185185185 1. 05134805 -, 318897638 . 0508474576 | -, 0270 .54
85 |= 777478394 -~ ,0151515152|1.06451613 -, 323529412 .0516431925 | -, 0275 .55
+56 |~ ,753613486 |~ ,0476190476|1. 07692308 -, 328125000 .06243445689 | ~,0280 «56
+57 |~ 730761070 |- ,0B89473684]|1,N8917197 -, 332684825 .0532212885 | —, 0285 .57
.58 |~ (708864842 |~ ,109195402 |1.10126582 -, 337209302 .0540037244 | ~, 0290 .58
+59 |- .687872428 |~ ,138418079 |1.11320755 ~.341698842 0547818013 | -, 0295 .59
«60 |~ ,B67735043 |- ,166666667 |1.12500000 -.346153846 +05555555566 | —. 0300 .60
«61 [~ ,648407202 |~ ,193989071 |1.13664596 -, 350574713 0563250231 | ~, 0305 .61
.62 |~ ,620846448 - ,220430108 |1.,14814815 -.354961832 . 0570902394 | -, 0310 . 62
+63 |- .612013107 |- .246031746 |1,15950920 -. 359315589 «D578512396 | —-,0315 .63
.64 |- ,594870069 |- ,270833333 |1,17073171 -, 363636364 +05FE0P0586 | -, 0320 .64
.65 |~ 578382589 |~ ,294871794 |1.18181818 -. 367924528 . 0593607305 | -,0325 .65
.66 |~ ,562518105 |~ ,318181818 |1,19277108 -, 372180451 0601092896 | -, 0330 .66
+67 |~ ,547246069 |~ ,340796019 |1,20359281 -, 376404494 .0608537693 | -,0335 .87
.68 |~ ,532537804 |- ,362745097 |1,21428571 -, 380597015 .0615942028 | ~, 0340 .68
.69 |- 518366359 |- .384057971 |1,22485207 -.384758364 0623306233 | -, 0345 .69
1.3
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NACA TN 2214

FIVE-POINT DIFFERENTIATION COEFFICIENTS

4 . .
OV exip 2g iCyvi v iR (=LY

I R —
e
4!
aaa ™ ) e ™ 1ol e
"¢ d +So e L2 &L A bt %! ()

0,70 | = .504706387| -0. 404761904 | 1.23529412 | -, 380888889 | 0630630630 ~,0350 | 0,70
‘w1 |- .491534030|- .424882629 | 1.24561404 | -, 592988930 0637915543 | —.0355 71
‘v3 | l4m8ee8lS|- .444444444 | 1,25581395 | -, 397058824 | 0645161290 -, 0360 72
"93 |- .466563552|- ,463470319 | 1,26580595 | . 401098901 . 0652362185 | —,0365 3
7s |- .a54724252|- 481981962 | 1,27586207 | -. 405109489 . 0659536541 =, 0370 74
75 |~ .443290043|- .500000000 | 1.28571429 | -, 409090509 . 0666666667 =, 0375 .15
76 |~ .432242004|- 517585859 | 1.29545456 | -, 413045478 0673758865 . 0380 .76
‘o |- L421566546 |~ 534632034 | 1.30508475 | ~. 416967509 0680813439 | =~,0385 17
‘78 |~ 411244450/ - .551282051 | 1,31460674 | -, 420863309 0687830687 | —.0390 .78
‘v9 |~ .401261706|- 567510548 | 1,32402235 | -, 424751183 0694810905 | =, 0395 .79 =

N
.80 |~ .391604010|~ 583333333 | 1. 33333333 | . 428571429 . 0701754386 | —, 0400 .80 =
‘8l |- .392057805|~ .598765432 | 1.34254144 | -, 432384342 0708661417 | —, 0405 .81 =
‘82 |- .373210228|- .613821138 | 1,35164835 | -, 436170213 . 0715532286 | ~,0410 .82
‘83 |- .364420081|— .628514056 | 1.36065574 | ~. 439929329 0722367276 | =, 0415 .83
‘8L |- .355069768|— .642857143 | 1,36956522 | =, 443661972 .0720166667 | ~,0420 | .B4
85 |~ .347740267|~ .656862745 | 1.37837838 | -, 447368421 0735930736 | —.0425 ‘ .85
‘86 |- 339771162 |- .670542636 | 1,38700677 | -, 451048951 0742659758 | ~.0430 | .86
‘87 |- .332045447 - 683908046 | 1,39572192 | . 454705833 . 0749354005 | ~.0435 .87
"88 |- .Z24553663 |- .696969697 | 1.40425532 | —. 458333333 . 0756013746 | —.0440 .88
‘8 |- .317286703 |- .709737828 | 1,41269841 | ~. 461937716 0762639246 | —,0445 .89
.90 |~ .310236245 |~ .722222222 | 1,42105265 | -, 465517241 0769230769 | =, 0450 .90
‘91 |- .303393830 - 734432234 |1,42931957  —.469072165 . 0775788576 | ~,0455 .91
‘92 |~ 1296751741 |- 746376812 | 1.43750000 | -, 472602740 0782312925 | -, 0480 .92
"93 |- .290302531 |- .758064516 |1.44559585 | ~, 476109215 . 0788804071 | —. 0465 .93
‘94 |~ .284039001 |- .769503546 |1.45360825 | ~, 479591837 0795262267 | =,0470 .94
95 | = 277954637 |~ ,780701754 | 1.46153846 | -, 483050847 0801687764 | —.0475 .95
"96 |~ .p72042682 |~ .791666667 | 1,46938776 -, 486486486 . 0808080808 | -,0480 .96
‘o7 | I566297037 |- .802405498 | 1,47715736 | -.489898990 0814441646 | —,0485 .97
T98 |~ .260711776|- .812925170 | 1.48484848 | -, 403288591 - 0820770515 | -.0490 .98
"99 |- 255281237 |- .623232323 | 1.49246231 -~ 498655518 0827067669 | —. 0495 .99

1.00 |- .250000000|~ .833333333 | 1.50000000 | =, 500000000 , 0833333333 | —.0500 | 1,00

1701 |- 224862879 |~ .843234323 | 1,50746269 | -, 503522259 ' 0e39567747 | —.0505 | 1.01

103 |— 239864907 |- .BE2941176 | 1,51485149 | ~, 508622517 Ine45771144 | -, 0510 | 1.0

1003 |_ .255001326|~ .B862459547 | 1.52216749 | ~. 509900990 0851943755 | —, 0515 | 1.03

104 |~ 230267579 |- .B71794872 | 1.52941176 | -.513157895 . 0858085809 | —~.0620 | 1.04

1,05 |~ 225659205 |~ .880952381 | 1.53658537 | ~. 516393443 .0864197531 | —.0525 | 1.06

1,06 | - .221172285|- 889937107 | 1.84368932 | —, 519607843 0870279146 | -.0530 | 1.06

1,07 | .216802528|~ .B98753894 | 1,55072464 | ~, 522801503 . 0876330876 | —.0535 | 1.07

1908 |~ .212546168|— 907407407 | 1.55769231 | . 525974026 . 0882352941 | ~, 0540 | 1.08

100 |~ 208399503 |~ .915902141 | 1,56459330 | ~. 529126214 08883546558 | ~, 0545 | 1.09

1.10 |~ .204358977|~ 924242424 | 1,57142857 | -, 532258065 0894308943 | ~,0550 | 1,10

1011 | = .200421176|- .932432432 | 1.57819905 | -. 535369775 : 0900243309 | ~.0655 | 1.11

1°13 |~ [19e582818|~ .940476190 | 1.58490566 | —~,538461538 0906148867 | -.0560 | 1.12

113 |2 [192840751|~ .948377581 | 1.59154930 | . 541533548 l 0912025827 | —.0565 | 1.13

1074 |~ (169191942 |- 956140351 | 1,59813084 | —. 544585987 0917874396 | -.0570 | 1.14

1.15 |~ 185633477 |- 965768116 | 1.60465116 | ~. 547619048 0023694779 | -.0575 | 1.15

1016 |- .182162550|- .971264368 | 1.61111111 | ~.550632911 . 0929487179 | -.0580 | 1.16

1017 |- 178776462 |- 978632479 | 1,61751152 | ~.553627760 0035251799 | ~.0885 | 1.17

118 | - .175472615|~- .985875706 | 1.62385321 -. 556603774 - 0940988836 | —.0590 | 1.18

1039 |- .172248508|~ .992997189 | 1.63013699 - 559561129 | .0946698488| ~.0595 | 1.19

1.20 | - .169101732| ~1.00000000 | 1,63636364 | —. 562500000 , 0052380952 | ~.0600 | 1,20

1351 |2 1166029966 ~1.00688705 | 1,64253394 | -. 565420561 t 0958036421 | ~.0605 | 1,21

122 |~ .163030974|~1.01366120 | 1.64864865 —'Bess2noBl | .0963665087 | -,0610 | 1.22

1093 |- .160102601|-1,02032520 | 1.65470852 Tt871207430 | .0969267139| -.0615 | 1.22

1.5 |- S157242768|-1,02688172 | 1.66071420 | -.574074074 L0974842767 | -, 0620 | 1.24

1.25 |~ .154449472|-1.03333335 | 1. 66666667 | ~. 576923077 0980392157 | —.0625 | 1.25

I's8 |- [181720780|-1.05968254 | 1.67256637 | -. 579754601 ' 0985915493 | -, 0630 | 1.26

157 |2 140054827|-1.04593176 | 1.67841410 | ~, 582568807 0991412959 | —. 0635 | 1.27

1958 |~ .146449813|~1.05208533 | 1.68421053 -, 585365854 . 0996884735 | -.0640 | 1.28

129 |~ .143904001  -1,05813953 | 1.68995633 ~. 588145897 1100233100 | -.0645 | 1,29

b AR e T
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NACA TN 2214
FIVE-POINT DIFFERENTIATION COEFFICIENTS
. | | & i i o V
(D'y) ey Yy ch yj* R {i=2)
J=0
e
aaa 1p2 102 1n2 1~2 2
"5 + o6 & & IR
0,10 2,79290602 -2,66666667 0,409090909 0,523809524 | =0,0591397849 0,0183 0.10
.11 2.49615464 -3,36363636 400900901 +526066351 | - ,0594855305 .0185 .11
12 2.24978114 ~3,11111111 392857143 .528301887 | — ,0598290598 .0187 .12
.13 2,04213411 -2,89743590 384955752 +530516432 | - ,0601703940 .0188 .12
14 1.864829201 -2,71428571 »377192982 +532710280 | - 0605095541 0180 .14
.15 1.71195318 ~2.55555556 « 369565217 .534883721 | - ,0608465608 .0192 «15
.16 1.57874210 -2,41666667 + 362068966 «537037037 | ~ ,0611814346 0193 .16
.17 1,4€17€048 -2,29411765 354700855 539170507 | - ,0615141956 0195 17
.18 1.35828802 -2.18518519 347457627 «541284404 | - ,0618448637 0187 .18
<18 1.26617763 -2,08771930 3403361324 «543278995 | - ,0621734587 .0198 .19
.20 1,18371212 -2 ,00000000 2533333533 «545454545 | — ,0825000000 0200 .2
.21 1.10850183 ~1.92063492 »326446281 .547511312 | -~ ,0628245087 L0202 .21
.22 1.04241017 -1.£4848485 »319672131 «549548550 | - ,0631469979 . 0202 o22
22 +981492550; -1,78260870 +313008130 .551569507 | - ,0634674923 0205 23
24 ,025988190| ~1,72222222 +306451613 .555571429 | - ,0637860082 . 0207 24
25 «375213677| -1,€6666667 +300000000 +55565555656 | — , 0641025641 . 0208 <25
.26 L828620877 | ~1.61538462 .203650704 .557522124 | -~ ,0644171779 0210 .26
.27 785758160 -l.56790123 «287401575 +558471366 | - 0647208675 .0212 W27
.28 7461966671 ~1,52380952 «281250000 »561403509 | - ,0650406504 .C212 28
.29 ,709505500, ~1,48275862 «275193798 «563318777 | — 0653495441 0215 .29
« 30 .B75652850] ~1,44444444 + 269230769 .565217391 | - ,0656565657 <0217 «30
W31 .644105527! -1,40860215 + 263358779 +567099587 | - ,0659617321 .021e .31
32 614723727 -1,37500000 « 257575757 568966517 | - ,0662650602 .0220 «D2
33 587305760 =1,.34343434 «251879699 570818451 | - ,06656C5666 . 0222 33
«34 561673527 -1.,31372549 « 246268657 «572649573 | — ,0668662675 0223 54
«35 «537669640| -1,28571429 «240740740 «574468085 | — ,0671641791 0225 «33
36 «515154273 ! ~1,259205926 .235294118 «576271186 | - ,0874603175 0227 .36
W37 ,494002853 | ~1,23423423 «229927007 «BT7E059072 | - ,0677546983 0226 37
38 «474104040: -1,21052632 .224637681 «570821932% | — ,0680473373 L0250 38
.39 «455358020! -1,18203419 »219422460 581529958 | ~ ,0683382498 .0232 39
.40 #437675070| -1,16666667 .214285714 5833333335 | - ,0686274510 + 0233 .40
.41 4420074320 -1,14634146 .209219858 585062241 | — ,0689149560 0235 .41
.42 - »405182697 | ~1.12698413 »204225352 586776860 | ~ , 0692007797 L0227 A2
.43 300234003 | =1,10852713 2189300699 588477366 | ~ ,0694849368 . 0238 .43
44 376068153 ; -1,09090909 «194444444 .590163934 | ~ ,0697674419 .0240 .44
.45 362830476 | -1.07407407 .189655172 591836735 | ~ ,0700483092 20242 45
.46 .349871126| -1.05797101 184931507 593495935 | = ,0703275530 . 0243 .46
.47 337744570 -1,04255319 180272109 «595141700 | ~ ,0706051873 0245 o477
48 «326209135| -1,02777778 » 175675676 »596774194 | ~ ,0708812261 0247 .48
»49 3162266111 -1.01360544 »171140940 508393574 | -~ ,0711556829 .0248 49
.50 2504761905 ~1.00000000 166666667 +600000000 | = ,0714285714 . 0250 +50
51 294782728 - ,986928106 +162251656 601593625 | - ,0716999050 L0252 51
.52 «285259331| - ,974358974 «157894737 .603174603 | ~ 0719696970 0253 #52
53 .276164257 | - ,962264151 «153594771 604743083 | - ,0722379603 . 0255 53
54 267472130 - ,950617284 149350649 606299213 | - ,0725047081 0257 «54
55 .259159465| - ,939393939 145161290 «607843137 | - 0727699531 .0258 «55
«H6 251204495 - ,928571429 141025641 «809375000 | - ,0730337079 +0260 56
«S7 243587023 - ,918128655 136942675 «610894942 | -~ ,0732959851 «0262 «57
.58 22362882811 - .90B045977 132911392 612403101 | - 0735567970 . 0283 +58
gate) »229290802} - ,898305085 +128930818 613899614 | - ,0738161560 0265 «59
.80 222578348 | ~ ,888888889 +125000000 «615384615 | — ,0740740741 0287 .80
61 «216135734 | ~ 879781421 «121118012 616858238 | - ,0743305633 . 0268 81
.62 +209948816 | ~ 870967742 117283951 618320611 | — ,0745856354 .0270 .62
«B83 «204004370| — ,862433862 «113496933 6190771863 | - ,0748393021 0272 «63
.64 198290023 | - ,854166667 109756098 .621212121 | -~ ,0750915750 . 0273 64
+65 192794196 | - ,B846153846 . 106060606 «622641509 | -~ 0752424657 .0275 «65
.66 .187506035| - .838383838 102409639 624060150 | -~ ,0755919854 .0277 .66
.87 .182415356 | - .830845771 + 098802395 625468165 | -~ ,0758401453 0278 .67
.68 +177512601 | -~ 823529412 .095238095 626865672 | -~ ,0760869565 . 0280 .68
«69 172788786 | - .816425121 .091715976 .628252788 | - 0763324299 .0282 .89
12
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FIVE-POINT DIFFERENTIATION COEFFICIENTS
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NACA TN 2214

| N i | .
OYx;= 35 2 £Lyy e R (i=2)
J=0
Ig2
aaa ic2 102 102 i p2 102 n

bcd 4”0 & & A S bt 5 (e)

0,70 0.168235462 | -0.809523810, 0.0882352941 | 0,629629630 | -0.0765765765 | 0.0283 0.70
.71 .163844677 | - 802816901 ,0847953216 .630096310 |~ .0768194070| ,0285 W71
.72 .159608938 | - .796296296| 0813953488 L, 632552941 | -~ ,0770609318| ,0287 W72
.73 .155521184 | - ,789954338| 0780346820 .633699634 | — ,0773011617 | .0288 LT3
.74 .151574751 | - .78%783784| ,0747126436 .635036496 | - ,0775401069 | .0290 .74
J75 .147763348 | - J777777778| .0714285714 .636363636 | — JOTTTTTTTTI8| 0202 .75
.76 ,144081031 | - ,771929825| ,0681818182 .637681159 | - ,0780141843| ,0293 .76
.77 .140522182 | - .766233766| .0649717514 ,638989170 | - ,0782493368| ,0295 .77
.78 .137081483 | - 760683761 .0617977528 .640287770 | — 0784832451 | 0297 .78
.79 .133753902 | ~ ,755274262| ,0586592178 .641577061 | - 0787159190 | ,0298 .79
.80 ,130534670 | - 750000000 .0555555556 .642857143 | - ,0789473684 | ,0300 .80
.81 .127419268 | - ,744855967| .0524861878 ,644128114 | - ,0791776028 | L0302 .81
.82 .124403409 | - 739837398 ,0494505494 .645390071 | ~ ,0794066318 | 0303 .82
.83 .121483027 | - .734939759| 0464480874 .646643110 | - ,0796344648 | ,0305 .83
.84 .118654256 | - .730158730| .0434782609 .647887324 | - .0798611111 | L0307 .84
.85 ,115913429 | — .725490196] .0405405405 .649122807 | - .0800865801 | ,0308 .85
.86 .113257054 | — .720930232| ,0376344086 ,650349650 | — .0803108808 | .0310 .86
.87 .110681816 | - .716475096| 0347595583 ,651567944 | - ,0805340224 | .0312 .87
.e8 ,108184654 | — .712121212| 0519148936 .652777778 | - ,0807560137 | .0313 .e8
.89 .105762264 | - .707865168] ,0291005291 .653979239 | -~ ,0809768638 | ,0315 .89
.90 .103412082 | - .703703704| .0263157895 .655172414 | - ,0811965812 | .0317 .90
.91 ©101131277 | - .699633699| .0235602094 .656357388 | -~ ,0814151748 | .0318 .91
.92 0989172470 | - .695652174| .0208333333 .657534247 | - 0816326531 | 0320 .92
.93 L0967675103 | - .691756272| .0181347150 .658705072 | - 0818490246 | .0322 .93
.94 .0946796970 | - ,687943262| .0154639175 .650863946 | ~ .0820642978 | .0323 .94
.95 ,0926515457 | - .684210526| .0128205128 .661016949 | — ,0822784810 | .0325 .95
.96 10906808940 | — .680555555| 0102040816 .662162162 | — .0824915825 | .0327 .96
.97 088765679 | - 676975945 ,00761421320 | .663299663 | - .0827036104 | .0528 .97
.98 | 0869039253 | - .673469388| .00505050505 | .664429530 | - ,0829145729 | 0330 .98
.99 . 0850937457 | - .670033670| .00251256281 | ,665551839 | — ,0831244779 | 0352 .99

1,00 ., 0833333353 | - 666666667 O .666666667 | - .0833333233 | 0333 1.00

1.01 l 0816209597 | — .663366337|~ 00248756219 | 667774086 | - .0835411471 | 0335 1,01

1,02 : 0799540690 | - .660130719| - .00495049505 | .668874172 | - ,0837479270 | 0337 1,02

1.03 . 0783337753 | - .656957928| - 00738916256 | .669966997 | - ,0839536807 | .0538 1,03

1.04 : 0767558597 | - .653846154| - 00980392157 | .671052632 | — .0841584158 | .0540 1,04

1,05 0752197650 | — .650793651| - ,0121951220 L672131148 | - 0843621399 | .0342 1.05

1.06 0737240950 | — .647798742| - 0145631068 1673202614 | - 0845648604 | .0343 1,06

1.07 . 0722675093 | — .644859813 ~ ,0169082126 .674267101 | — .0847665848 | .0345 1,07

1.08 S0708487227 | -~ .641975309| - ,0192307692 .675324675 | — 0849673206 | 0347 1.08

1.09 0694665010 | — .639143731| - ,0215311005 .676375405 | — .0851670742 | .0G48 1.09

1.10 ,0681196590 | — .636363636| - ,0238095238 .677419355 | — 0853658587 | 0350 1,10

1.11 . 0668070587 | ~ 633633634 ~ 0260663507 L 678456592 | - .0855636659 | .0352 1.11

1.12 0655276060 | — ,630952381| - . 0283018868 ©679487179 | - .0857605178| .0353 1.12

1.13 0642802503 | - .628318584| - ,0505164319 .680511182 | - .0859564165| .O855 1.13

1.14 L 0630639807 | — .625730994| — . 0327102804 . 681528662 | - 0861513688 | 0357 1.14

1.15 ,0618778257 | - .623188406| — ,0348837209 682539683 | - .08634538156 | 0358 1.15

1.16 0607208500 | - .620689655| —~ .0370370370 .683544304 | - ,0865384615 | .0360 1.16

1.17 .0595921540 | - .618233618| ~ .0391705069 684542587 | -~ ,0867306155| .0362 1,17

1.18 .0584908717 | — .615819209| — .0412844037 .685534591 | — 0869218501 | .0363 1.18

1.19 S0574161693 | — .613445378| — .0433789954 .686520376 | - ,0871121718| .0365 1.19

1.20 .0563672440 | = .611111111| ~ , 0454545455 687500000 | - 0873015873 | .0367 1.20

1.21 .0553433220 | -~ .608815427| - .0475113122 .688473520 | — .0874901029 | .0368 1.21

1.22 0543436580 | - 606557377 — .0495495495 .689440094 | — ,0876777251| L0370 1.22

1.23 .0533675337 | - .604336043| ~ .0515695067 .690402477 | - 0878644602 | 0372 1.23

1.24 .0524142559 | ~ .602150538| — .0535714286 .691358025 | - .0880506145| 0873 1.24

1.25 .0514831573 | — .600000000| - 0555555556 .692307692 | ~ .0882352041( 0375 1.25

1.26 L 0505735933 | — .597883598| — . 0575221239 .695251534 | — ,0884194053 | 0377 1.26

1.27 0496849423 | ~ ,595800525( - 0594713656 1694189605 | - .0886026542| .0378 1.27

1.28 10488166042 | — .593750000 - , 0614035088 .695121951 | - ,0887850467 | .0(B8O 1.28

1.29 . 0479680003 | - .591731266| — , 0633187773 .696048632 | — .0889665890| .0382 1.29

2
iE ddd
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NACA TN 2214

FIVE-POINT DIFFERENTIATION COEFFICIENTS

l 1 & It .
Oy =5 25 4G %5 & (=30
.|
r-a.aa 103 I3 Ic3 103 1 —_

bcd Lo <1 L3 L3 PR b* " ()

0.10 =2.,79290602 3.50000000 ~1,90909091 | 0,976190476 | 0,225806452 | -0,0350 0.10
.11 -2,49615464 3.19696970 -1,90090090 973933649 .226152197 | - ,0352 .11
.12 -2,24978114 2.94444444 ~1.89285714 .971698113 .226495726 | - ,0353 .12
.13 =2.04213411 2,73076923 ~1,88495575 .969483568 226837061 | - ,0B55 .13
.14 -1,86489201 2,54761905 -1,87719298 .9672839720 .227176221 | - ,0357 .14

L .15 -1.71195538 2,38888889 -1,86956522 .965116279 .227513228 | - ,0358 .15
.16 -1.57874210 2,25000000 -1,86206897 .962962963 .227848101 | - ,0360 .16
<17 -1,46176048 2,12745098 -1,85470085 .960829493 .228180862 | -~ ,0362 .17
.18 -1.35828802 2.01851852 -1,84745763 .958715596 .228511530 | - ,0363 .18
.19 -1.26617763 1.92105263 -1,84033613 .956621005 .228840125 - ,0365 .19
.20 -1.18371212 1.83333333 -1,83333333 +954545455 .2290166667 | - .0367 .20
.21 -1,10950183 1,.75396825 ~1,82644628 .952488688 «229491173 | - .0368 .21
.22 -1,04241017 1,68181818 -1,81967213 .950450450 .229813665 | -~ ,0370 .22
23 - ,981498550 |1.61594203 -1,.81300813 948430493 .230134159 | - ,0372 .23
.24 - .925985190 | 1.55555556 -1,80645161 .946428571 +230452675 | ~ L0373 .24
«25 - ,875213677 | 1.50000000 -1.80000000 .944444444 +230769232 | - ,0375 .25
.26 -..828628877 | 1.44871795 -1,79365079 .942477876 .231083845 | - ,0377 26
.27 -~ .,785758160 |1.40123457 -1,78740157 +940528634 .231396534 | - ,0378 27
.28 - ,746196667 |1,35714286 -1,78125000 .938596491 «231707317 | - ,0380 «28
.29 - ,709595590 | 1.,31609195 -1,77519380 .936681223 ,232016211 1 - ,0382 «29
.30 - ,675652850 |[1,27777778 -1,76923077 »934782609 £ 232323232 -~ .0383 30
.31 - ,644105537 |[1,24193548 -1,76335878 932900433 .232628399 | ~ ,0385 .31
.32 - ,614723787 |1,20833333 -1,75757576 931034483 .232931727 1 - ,0387 .32

- «33 - 587305760 |1,17676768 -1,75187970 .929184549 233233233 | - ,0388 33
34 - 4561673527 |[1.1470588%2 -1,74626866 .927350427 .233532934 | - ,0390 .34
.35 - .537669€40 ;1.11904762 -1,74074074 .925551915 .233830846 | - ,0392 35
+36 - ,515154273 |1,09259259 -1,73520412 .923728814 .234126984 | - ,0393 .36

- .37 - ,494002853 | 1,06758757 -1.72992701 921940928 +234421365 | - ,0395 37
.38 - ,474104040 |1,04385965 -1,72463768 9201680867 234714004 | -~ 0397 .58
.39 - . 455358020 | 1.02136752 -1,71942446 .918410042 .235004916 | - ,0398 «39
.40 - .437675070 | 1,00000000 -1,71428571 .916666667 .235294118 | - ,0400 .40
.41 - ,420974320 .979674797 | -1,70921986 .914937759 .235581623 | ~ ,0402 .41
.42 - , 405182697 .,960317461 | -1,70422535 .913223140 .235867446 | — ,0403 42
.43 - ,390234003 .941860465 | ~1,69930070 .911522634 «236151603 | — ,0405 .43
.44 - .376068153 .024242424 | ~1,69444444 .909836066 .236434109 | ~ ,0407 .44
.45 - + 362630476 .907407407 | ~1,68965517 .908163265 .236714976 | — ,0408 .45
. 46 ~ .349871126 +8913043248 | ~1,68493151 .906504065 .236994220| - ,0410 .46
.47 - 337744570 .875886525 | -1,68027211 .904858300 .237271854 | - ,0412 A7
.48 - 326209135 .861111111 | -1.67567568 . 903225806 .237547893 | - ,0413 .48
.49 - .315226611 .846938776 | ~1,67114094 .301606426 2378223501 - ,0415 .49
+«50 - o,304761905 8338333333 | -1,66666667 » 200000000 .238095238 | ~ ,0417 50
.51 - ,294782728 .820261438 | -1,66225166 .898406375 «238366572 | - ,0418 .51
.52 -~ ,285259331 .807692308 | ~1.65789474 . 896825397 .238636364 | -~ ,0420 .52
53 - ,276164257 795537484 | -1.65359477 895256917 .238904627 | - ,0422 53
.54 - 267472130 .783950617 | ~1,64935065 893700787 .239171375 | - 0423 .54
.55 - 259159465 L772727273 | -1,64516129 .892156863 .239436620| - ,0425 +55
.56 - ,251204485 .761904762 | -1,64102564 890625000 «239700375 1 - 0427 .56
.57 - ,243587023 .751461988 | ~1,63694268 889105058 .239962652 | - ,0428 .57
.58 - ,236288281 »741379310 | -1,63291139 887596899 240223464 | - ,0430 .58
.59 - 229290809 .731638418 | -1,62893082 .886100386 .240482823 | - ,0432 .59
.60 —- ,222578348 722222222 | -1,62500000 884615385 .240740741 | - ,0433 .60
.61 - 216135734 +713114754 | -1,.62111801 883141762 4240997230 | -~ ,0435 .81
.82 - ,209948816 .704301075 | -1,61728395 . 881679389 .241252302 | ~ ,0437 .62
.63 - ,204004370 .695767196 | —-1,61349693 . 880228137 .241505969 | - ,0438 .63
.64 - ,198290023 687500000 | -1,60975610 .878787879 .241758242 | - ,0440 .84
65 - ,192794196 679487179 | -1,60606061 . 877358491 +242009132 | - ,0442 .65
.66 | = .187506035 | ,671717172 | -1.60240064 | .875939850 | .242258652( - ,0443 .66
.67 - ,1R2415356 .664179104 | -1.59880240 .874531835 .242506812 | ~ ,0445 .87

- .68 - 177512601 .656862745 | -1,59523810 873134328 . 242753623 | - ,0447 .68
.69 - ,172788786 .649758454 | -1.59171598 «871747212 .242999097 | - ,0448 .69

v I~ e 1 1ol 1ot il 'I‘El ddd

U - L5 = 4 -G " o*'% () Pcda
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FIVE-POINT DiFFERENTIATION COEFFICIENTS

1 & i .
O heex; = 224G ¥y R Li=

I

30

NACA TN 2214

j=0
£
r-2.aa Ie3 13 103 I3 ip3 5
bcd 4% 4C| 402 4C3 4C4 bf "~ (&)
0,70 ~0.168235462 |0.642857143 |-1.58823529 | 0,870370370 |[0,243243243 | -0,0450 0,70
.71 ~ 163844677 | 636150235 |-1,58479532 | ,869003690 | ,243486074 |- .0452 .71
.72 - .159608938 | .629620630 |-1.58139535 | ,967647059 | ,243727599 |- ,0453 .72
LB - .155521184 | 623287671 |-1.57803468 | '.B866300366 | .243967828 | - .0455 .73
.74 — 151574751 | 617117117 |-1,57471264 | 864963504 | .244208774 |- .0457 .74
.75 - ,147763348 .611111111 |-1.57142857 .BB3636364 .2444444447 | - L0458 .75
.76 - ,144081031 .605263158 |-1,56818182 862318841 .244680851 |~ ,0460 .76
77 - ,140522182 599567100 |-1,56497175 .861010830 .244916004 |- ,0462 W77
.78 - .13708148% | .594017094 |-1,56179775 | ,859712250 | ,245149912 |~ ,0463 .78
79 - ,133753902 .588607595 | ~-1,55865922 .B58422939 .245382586 |~ 0465 .79
.80 - 130534670 | 583333333 |-1,55555556 857142857 245614035 |~ ,0467 .80
.81 ~ .127419268 | .5781€9300 |-1.55248619 | ,855871886 | .245844269 |- ,0468 .81
.82. - ,124403409 LH73170732 | -1,54945065 854609929 .246073298 | - ,0470 .82
83 - .121483027 | .568273092 |-1,54644809 | .853356890 | .246301131 |- .0472 .83
.84 - .1123654256 | «563492083 |-1.54347826 | 852112676 ,246527778 | - ,0473 .84
.85 - 115913429 | .558823529 |-1.54054054 .850877193 .246753247 | - 0475 .85
.86 ~ .113257054 | 554263566 |-1.53763441 | ,849650350 | ,246977547 |- ,0477 .86
.87 - ,110681816 | .549808429 |(-1.53475936 | .848432056 .247200689 | ~ ,0478 .87
.88 ~ .108184554 | .545454545 |~1,53191489 | 847222222 .247422680 | ~ .0480 .88
.89 ~ .105762264 | .541198502 |-1,52910053 | 848020761 | 247643530 |- ,0482 .89
.90 - ,103412082 | .537037037 |-1,52631579 | .844827586 | .247863248 |- ,0483 .90
.91 - ,101131277 | 532967033 [-1,52356021 843642612 .248081841 |-~ ,0485 .91
.02 - ,0989172470| .528985507 | ~1.52083333 842465753 | ,248209320 | ~ ,0487 .92
.93 — .0967675103| .525089606 |-1,51813472 | ,841296928 | ,248515691 | - .0488 .93
.94 ~ ,0946796970| 521276596 |-1.51546392 | .840136054 .248730964 | - ,0490 .94
«95 - ,0926515457] 517543860 |-1,51282051 | ,838983051 | .248945148 |- ,0492 .95
.96 - ,0906808940| 513888889 |-1,51020408 | ,837837838 .249158249 |- ,0493 .96
.97 ~ ,0887656790| 510309278 |~1,50761421 . 836700337 249370277 | - ,0485 .97
.98 - 0869039253 506802721 |-1,50505051 | ,835570470 | .249581240 |- ,0497 .98
.99 - ,0850937457| 503367003 |-1,50251256 | .834448161 | .249791145 |~ .0498 .99
1,00 - ,0833333333| 500000000 |-1,50000000 | ,833333333 | .250000000 |- ,0500 1,00
1.01 - ,0816209597] 496699670 |-1.49751244 832225914 .250207814 |~ ,0502 1,01
l.02 - .0799549690! .493464052 |-1,49504950 | .831125828 .250414594 | - ,0508 1.02
1,03 -~ L 0783%337753] .490201262 |~1.49261084 . 830033003 .250620347 |~ 0505 1,03
1.04 - .0767558597| 487179487 |-1,49019608 | ,828947368 | ,250825083 |~ ,0507 1.04
1.05 - ,0752197650| .484126984 |[-1.48780488 .827866852 .251028807 | - ,0508 1,05
1,06 - 0737240950] .481132075 |~1,48543689 . 826787386 .251231527 | - ,0510 1.0€
1.07 - ,0722675093| 478193146 |-1,48309179 .825732899 .25143%251 |- ,0512 1,07
1,08 - ,0708487227| 475508642 |-1,48076923 | .824675325 .251633987 | - ,0513 1.08
1.09 - .0694665010| 472477064 |-1.,47846890 | ,823624595 | ,251833741 |~ 0515 1.09
1.10 - 0681196590 469606870 |-1,47619048 | ,822580645 .252032520 | - L0517 1.10
1.11 - 0668070587 466966967 |-1,47393365 | .821543408 | ,252230333 |- .0518 1,11
1.12 - 0855276060 464285714 |-1,47169811 .820512821 .252427184 |- ,0520 1.12
1.13 - . 0642802503 461651917 |-1,46948357 .819488818 .252623083 |~ .0522 1.13
1.14 - J0630639807] 459064327 |-1,46728972 | .818471338 .252818035 |~ ,0523 1.14
1.15 - .0618778257| 456521739 |-1.46511628 | ,817460317 | ,253012048 |-~ .0525 1.15
1.16 - 0607208500 .454022989 |-1,46206206 .816455696 .253205128 | - ,0527 1.16
1.17 - ,0595921540| ,451566952 |-1,46082949 . 815457413 .253397282 | - ,0528 1.17
1.18 - 0584908717 .449152542 | -1.45871560 | ,814465409 | ,253588517 |- .0530 1.18
1.19 - 0574161693 .446778711 |-1.45662100 813479624 253778838 |~ 0532 1.19
1.20 - ,0563672440; ,444444444 |-1,45454545 812500000 .253968254 |- ,0533 1.20
1.21 - 0553433220 .442148760 | ~-1,45248869 811526480 .254156770 |- ,0535 1.21
1.22 - 0543436580 .439890710 |-1.45045045 810553006 .254344392 |~ ,0837 1,22
1.23 ~ ,0533%675337| 437669377 |-1.44843049 . 809597523 .254531127 |- ,0538 1.23
1.24 - 0524142559 .435483871 | -1,44642857 .B0B641975 .254716981 | - ,0540 1.24
1.25 - ,0514831573| ,433333333 |-1.44444444 «B07692308 .254901961 | - ,0B42 1.25
1.26 - ,0505735933| ,431216931 |-1.44247788 .806748466 .255086072 | - ,0543 1.26
1.27 - ,0496849423| ,429133858 |-1,44052863 .805810398 .255269321 | - ,0545 1l.27
1.28 - ,0488166042] ,427083333 |-1,43859649 . 804878049 .255451713 | - .0547 1.28
1.29 - ,0479680003| 425064599 |(-1.43668122 . 803951368 .£55633256 |- ,0548 1.29
h
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NACA TH 2214

FIVE-PGINT DIFFERENTIATION COEFFICIENTS

| | & i 1o ‘
(Dy)xrxi:F;0 Ciyj R (1240
[
4
.3.aa In4 | nd L 1rd Ind LI
r-=-2. 4.(5)

bc 4Cc 4C| 4c2 4C3 4c4 b’ (&)

0.10 8.37871806 |-10.3333333 |4,22727273 | -4,4285714% | 2,15591398| 0.1550 0.10
W11 7.48846393 |- 0,42424242(4,20270270 | —4.42180095 | 2.15487674| L1555 W11
.12 6.74934342 |- 8,66666667|4.17857143 | -4,41509434 | 2,15384615| ,1560 .12
.13 6.12640232 |-~ 8,02564103| 4,15486726 | —4,40845070 | 2,15282215| ,1565 .13
.14 5.59467602 |~ 7,47619048| 4,13157895 | -4,40186916 | 2.15180467| ,1570 .14
.15 5.13585953 |- 7,00000000| 4,10869565 | —4,39534884 | '2,15079365| ,1575 .15
.16 4,73622630 |~ 6,58333333| 4,08620690 | ~4,38288889 | 2.14978903| .1580 .16
W17 4,38528144 |~ 6,21568627| 4.06410256 | -4,38248848 | 2,14879075| ,1585 .17
.18 4,07486405 |- 5,88888889| 4,04237288 | —4,37614679 | 2.14779874| .1590 .18
.19 3.79853288 |- 5,59649123) 4,02100840 | -4,36986301 | 2,14681296| .1595 .19
.20 3,55113636 |- 5.33333333] 4, 00000000 | —4,36363636 | 2,14583333( ,1600 .20
.21 3.32850550 |- 5,09523810! 3,97923884 | —4,35746606 | 2,14485981| .1605 .21
.22 3,12723050 |- 4,87878788| 3,95901639 | —-4.35135135 | 2,14389234 | ,1610 .22
.23 2,94449565 |~ 4,68115942| 3,03902439 | -4,34520148 | 2,14293086| ,1615 .23
.24 2.77795557 |- 4.,50000000! 3,91935484 | —4,332928571 | 2,14197531| ,1620 .24
.25 2,62564103 |~ 4.33333333| 3.90000000 | ~4,3323333% | 2,14102564 | .1625 .25
.26 2,48588663 |~ 4.1794€718| 3.88095238 | ~4,32743363 | 2,14008180| ,1630 .26
.27 2,35727448 |- 4,03703704|3.86220472 | —4,32158590 | 2,13914373| ,1635 .27
.28 2,23859000 |- 3.90476190|3.84375000 | -4,31578947 | 2.13821138| ,1640 .28
.29 2.12878677 |- 3,78160920| 3,82558140 | ~4,31004367 | 2,13728470| ,1645 .29
.30 2,02695855 |~ 3,66666667]3.80769231 | -4,30434783 | 2.13636264 | .1650 .30
W31 1.93231661 |~ 3.55913978! 3,79007634 | —4.29870130 | 2.13544814| ,1655 W31
.32 1.84417136 |- 3.45833333|3,77272727 | ~4,29310345 2.13453815 .1660 .32
.33 1,76191728 |- 3.36363636|3,75563910 | —4.28755365 | 2,13363363| ,1665 .33
-7 1.68502058 |- 3.27450980] 3,73880597 | -4,28205128 | 2,13273453( ,1670 .34
.35 1.61300892 |- 3,19047619 3,72222222 | ~4,27659574 | 2.13184080 .1675 W35
.36 1,54546282 |- 3,11111111/ 3,70588235 | ~4,27118644 | 2,13095238| .1680 .36
.37 1.48200856 |- 2,03603604| 3,68978102 | —4,26582278 | 2,13006924 | ,1685 W37
.38 1.42231212 |- 2,96491228) 3,67391304 | -4,26050420 | 2,12919132| ,1690 .38
.39 1.36607406 |- 2,89743590| 3,65827338 | —4,25523013 | 2,12831858| ,1695 .39
.40 1.31302521 |- 2,83333333| 3,64285714 | ~4,25000000 | 2.12745098| .1700 .40

' .41 1.26292296 |~ 2,77235772] 3.62765957 | -4,24481328 | 2,12658847| ,1705 W41
.42 1.21554809 |- 2,71428571]3,61267606 | —4,23966942 | 2,12573099| L1710 .42
.43 1,17070201 |- 2,65891473] 3.59790210 | -4,23456790 | 2.12487852| L1715 .43
.44 1.12820446 |- 2,60606061|3,58333333 | —-4.22950826 | 2,12403101| ,1720 .44
.45 1.08789143 |- 2.55555556; 3,56896552 | —4,22448980 | 2,12318841 | ,1725 .45
.46 1.,04961338 |- 2,50724638] 3.55479452 | ~4,21951220 | 2,12235067 | ,1730 .46
a7 1.01323371 |- 2,45099291| 3,54081633 | -4,21457490 | 2,12151777| 1735 .47
.48 .978627404 |- 2,41666667| 3,52702703 | -4,20967742 | 2,12068966| ,1740 .48
.49 ,945679834 |~ 2,37414966| 3,5134222 | -4,20481928 | 2.11986628| 1745 .49
«50 .914285714 |- 2,33333533| 3,50000000 | ~4,20000000 | 2.11904762| ,1750 .50
.51 .884348185 |~ 2,20411765| 3,48675497 | -4,19521912 | 2.11823362| ,1755 .51
.52 .B855777994 |~ 2,25641026) 3.47368421 | —4,19047619 | 2.11742424| ,1760 .52
.53 .828492771 |- 2,22012579) 3,46078431 | —-4,18577075 | 2.11661945| ,1765 .53
.54 .802416390 |~ 2,18518519 3,44805195 | -4,18110236 | 2.11581921| .1770 .54
.55 .777478394 {~ 2,15151515 3.43548387 | -4,17647059 | 2.11502347| L1775 .55
.56 .753613486 |~ 2,11904762| 3,42307692 | ~4,17187500 | 2,11423221| ,1780 .56
.57 730761070 - 2,08771930| 3,41082803 | —4,168731518 2.11344538 .1785 .57
+58 .708864842 |~ 2,05747126| 3,39873418 | ~4,16279070 | 2,112662094 | ,1790 .58
«59 .687872428 |~ 2,02824859| 3.38679245 | —4,15830118 2,11188487 .1795 .59
«80 667735043 | - 2,00000000| 3,37500000 | —4,15384615 2,11111111 .1800 .60
.61 +648407202 |~ 1,97267760| 3.36335404 | -4,14942529 | 2,11034164 | ,1805 .61
.62 .629846448 |~ 1,94623656] 3,35185185 | -4,14503817 | 2.10957643 | ,1810 .62
#6863 612013107 |- 1,92063492| 3.34049080 | —4,14068441 2,10881543 .1815 »63
.64 +594870069 |~ 1,89583333| 3.32926829 | ~4,136356364 2.10805861 .1820 .64
+65 .578382589 |~ 1,87179487| 3,31818182 | —4,13207547 2,10730594 .1825 .65
.66 .562518105 |- 1,84848485|3,30722892 | —-4,12781955 | 2,10655738| .1830 .66
.67 +547246069 |~ 1,82587065| 3,29640719 | ~4.12359551 | 2,10581290| ,1835 .67
.68 .532537804 |~ 1,80392157| 3,28571429 | —4,11940299 | 2,10507246 | ,1840 .68
.€9 .518366359 |~ 1,78260870] 3,27514793 | ~4,11524164 | 2,1043%604 | ,1845 .69

©
T _ g0 _ 1p0 _ g0 _1co 5 .d.d_d
404 4C5 4C2 ACI ACO bf 7 (&) P cba
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NACA TN 2214

FIVE-POINT DIFFERENTIATION COEFFICIENTS

O)= & STl y o R (=40
x=xij~ p & 4j Yj L = 4,
1n4 104 104 t 1E4
a.a 4 ind R A—

r:t_):E:% L5 PO JC5 4C3 L I )

0,70 0.504706387 | -1.76190476 | 5,26470588 | -4,11111111 2.10360360 +1850 .70
.71 491534030 | ~1.74178404 | 3,.25438596 | ~4.10701107 2.,10287511 1855 .71
.72 .478826815 | -1,72222222 | 3.24418605 -4,10294118 | 2,10215054 .1860 .72 [
«73 .466563552 | -1,70319635 | 3.,23410405 -4,09890110 | 2,10142985 .1865 73 N
74 454724252 | -1.68468468 | 3.22413793 -4,09489051 | 2,10071301 .1870 .74 —
.75 .443290043 | -1,66666667 | 3,21428571 -4,08090909 | 2,10000000 .1875 .75 =
.76 432243094 | ~1,64912281 | 3.20454545 | —~4,08695652 2,09929078 .1880 .76
.77 ,421566546 | -1,63203463 | 3.19491525 | —~4,08303249 2,09858532 .1885 .77
.78 .411244450 | -1.61538462 | 3,18539326 | —4,07913669 2,09788360 .1890 .78
W79 401261706 | -1,59916612 | 3.17597765 -4,07526882 | 2,09718558 .1895 .79
.80 391604010 | ~1.58333333 | 3.16666667 —~4,07142857 | 2.09649123 .1900 .80
+81 3822578086 | -1,56790123 | 3,15745856 | ~4,06761566 2, 09580052 1905 . .81
.82 373210228 | -1,55284553 | 3.14835165 —4,06382079 |2,09511344 .1910 .82
+83 364449081 | -1,53815261 | 3.13934426 -4 ,06007067 | 2,09442994 .1915 .83
.84 355962768 | —1.52380952 3.13043478 | ~4.05633803 | 2,09375000 .1920 .84
+85 347740287 | -1,50980392 | 3,12162162 -4,05263158 | 2,09307359 .1925 .85
.86 339771162 | -1.,49612403 | 3.11290322 -4,04895105 | 2,09240069 .1930 .86
.87 .332045447 | -1.48275862 | 3.10427807 -4,04529617 | 2,09173127 .1935 .87
.88 . 324555663 | ~1.46969697 | 3.09574468 -4,04166667 | 2,00106529 1940 .88
.89 317286793 | -1.45692884 | 3,08750159 —-4,03806228 | 2,09040274 .1945 .89
.90 310226245 | -1.44444444 | 3,07894737 -4,03448276 | 2,08974359 .1950 .90
.91 303393830 | -1.43223443 | 3.07068063 -4,03092784 | 2,08908781 .1955 .91
.92 296751741 | -1,42028986 | 3,06250000 -4,02739726 | 2,08843537 .1960 .92
.93 290302531 | -1.40860215 | 3.,05440414 -4,02389078 |2.08778626 .1965 <93
.94 .284039091 | -1,39716312 3,04639175 | ~4.02040816 |2,08714044 .1970 .94
+95 «277954637 |-1.38596491 | 3.03846154 ~4,01694915 | 2,08649789 .1975 .95
.96 272042682 | -1,37500000 | 3,03061224 -4,01351351 | 2,08585859 .1980 .96
.97 266297037, -1,36426117 | 3.02284264 -4,01010101 |2.08522250 .1985 .97
.28 . 260711776 | -1.35374150 | 3,01515162 -4,00671141 | 2.08458961 .1990 .98
.99 255281237 | -1.34343434 | 3,00753769 -4,00334448 | 2,08395990 .1995 .99

1,00 . 250000000 | -1,33333333 | 3, 00000000 | —4.00000000 2,08333333 2000 1.00

1,01 244862879 | -1,32343234 | 2,99253731 | =3.99667774 2,08270989 »2005 1,01

1,02 .239864007 | -1.31372549 | 2,98514851 | -3.99337748 2.08208955 .2010 1,02

1,03 235001326 [ -1,30420712 | 2,97783251 ~3,99009901 |2.08147229 .2015 1.03

1.04 230267579 | -1.29487179 | 2,97058824 -3.98684211 | 2.08085809 .2020 1,04

1,05 .225659295 | -1,28571429 | 2,96341463 -3,98360656 |2,08024691 2025 1,05

1,06 221172285 | ~1,27672956 | 2.95631068 | -3,98039216 2.07963875 2030 1.06

1,07 216802528 | -1,26791277 | 2,94927536 | -3,97719870 2,07903358 .2035 1,07

1,08 .212546168| -1.25925926 | 2,94230769 | -3,97402597 2,0’7845137 .2040° 1.08

1.09 208399503 | -1.25076453 | 2,93540670 -%,97087379 | 2,07783211 ,2045 1,09

1.10 .204358977 | -1,24242424 | 2,92857143 ~3,96774194 | 2,07723577 2050 1,10

1,11 ,200421176 | -1,23423423 | 2.92180095 | ~3,96463023 | 2,076864234 2055 1.11

1,12 .196582818 | -1.22619048 | 2,91509434 | -3.961535846 2,07605178 .2060 1.12

1.13 .192840751 | -1.21828909 | 2,90845070 | ~3.95846645 | 2,07546408 «2065 1.13

1.14 .189191942 | -1,21052632 | 2,90186916 -3,95541401 | 2,07487923 .2070 1.14

)

1.15 185633477 | -1.20289855 | 2,89534884 | -3,95258095 2,07429719 .2075 1.15

1.16 .182162550 | -1.19540230 | 2.88888889 | ~3.94956709 2.,07371795 2080 1,16

1.17 .178776462 | ~1,18803419 | 2,88248848 -3,94637224 | 2.07314149 .2085 1.17

1.18 .175472615 | -1.18079096 | 2,87614679 | -3 .943239623 | 2,07256778 .2090 1.18

1.19 .172248508 | -1,17366947 2,.86986301 | -3,94043887 | 2,07199682 .2095 1.19

1.20 169101732 [ ~1,16666667 | 2.86363636 -3,93750000 |2,07142857 .2100 1.20

1.21 166029966 | -1,15977961 | 2,85746606 | -3,93457944 2.07086302 .2105 1.21

1.22 163030974 | -1,15300546 | 2,85135135 | =3, 93167702 | 2.07030016 .2110 1l.22

1.23 160102601 | -1.14634146 | 2.84529148 -3.,92879257 | 2.06973995 .2115 1.23

1,24 .157242768 | -1,13978495 | 2.83928571 -3,92592593 | 2,06918239 2120 l.24

1,25 .154449472 | -1,13333333 | 2,83333333 | ~3.92307692 2,06862745 2125 1.25

1.26 .151720780 | -1.12698413 | 2,82743363 | -3.92024540 2,06807512 .2130 1.26

1,27 149054827 | -1,12073491 | 2,82158590 -3,91743119 |2,06752537 .2135 1.27

1l.28 146449813 | -1,11458333 | 2,81578947 -3,91463415 | 2,06697819 «2140 1.28

1.29 143904001 | -1.10852713 | 2,81004367 -3,91185410 | 2,06643357 .2145 1.29

] [ [ lEo ddd
100 1~0 0 0 -
4C4 4C3 4C2 ACI 4Co b4f(5)(E) p“c'b‘a
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NACA TN z214
FIVE-POINT DIFFERENTIATION COEFFICIENTS
(%) _ 42Ci cR (1= 0.4)
yx:xi—bzz4jyj 4 i=0, W
R
2;0
p2.22 200 200 200 200 2c0 3 f5,

bcd 470 i 472 4”3 474 b7f " (&)

0.10 35.9167714 |-40.7666667 | 6,39090909 | ~1,82380952 |0.282795699 | -0,1397 0.10
.11 32.5813081 |-37,4433333 | 6,42909910 | -1,85606635 | 288992497 | - ,1441 .11
.12 29,8015009 |-34.6755556 | 6.46714286 | -1,88830189 | .295213675 | ~ ,1484 .12
.13 27.4491414 |-32,3351282 | 6,50504425 | -1,92051643 | ,301458999 | - ,1529 W13
.14 25,4326512 |-30,3304762 | 6,54280702 | -1,95271028 | .307728238 | - ,1574 .14
.15 23,6848722 |-28,5944444 | 6,58043478 | ~1,98488372 | ,314021164 | - ,1620 .15
.16 22,1554351 |-27,0766667 | 6.61793103 | -2,01703704 | 320337553 | ~ ,1666 .16
.17 20.8058216 |-25.7386275 | 6.65529915 | ~2,04917051 | ,326677182 | - 1713 .17
.18 19,6060726 |-24,5503704 | 6,69254237 | -2,08128440 | .333039832 | — ,1761 .18
.19 18.5325355 |-23,4882456 | 6.72966387 | -2.11337900 | .339425287 | - ,1810 .19
.20 17,5662879 |-22,5333333 | 6,76666667 | ~2,14545455 | ,345833333 | — ,1859 .20
.21 16.6920113 |-21.6703175 | 6.80355372 | -2,17751131 | ,352263759 | - ,1908 .21
.22 15.8971720 |-20,8866667 | 6.84032787 | -2.20954955 | .358716356 | - ,1959 .22
.23 15,1714157 |-20.1720290 | 6.87699187 | -2.24156951 | ,365190918 | - 2010 .23
.24 14,5061136 |-19,5177778 | 6,91354839 | ~2,27357143 | ,371687243 | - ,2062 .24
.25 13,8940171 [-18.9166667 | 6.95000000 | ~2.30555556 | .378205128 | - ,2115 .25
.26 13,3289926 |-18,3625641 | 6.98634921 | -2,33752212 | .384744376 | - ,2168 .26
.27 12.8058151 |-17.8502469 |7.02259843 | -2,36947137 | .391204791 | - ,2222 .27
.28 12,3200054 |-17.3752381 |7.05875000 | ~2,40140351 | ,397886179 | — ,2277 .28
.29 11.8677024 |-16,9336782 | 7,09480620 | —-2,43331878 | ,404488349 | - ,2332 .29
.30 11.4455593 |-16,5222222 | 7.13076923 | -2,46521739 | ,411111111 | - .2388 .30
.31 11.0506611 |-16.1379570 | 7.16664122 | -2,49709957 | .417754280 | - .2445 .31
.22 10.6804569 |-15.7783333 | 7.20242424 | -2,52896552 | .424417671 | - .2502 .52
.33 10.3327052 |-15.,4411111 | 7.23812030 | -2,56081545 | ,431101101 | ~- .2561 .33
.34 10,0054276 1-15,1243137 |7,27373134 | -2,59264951 | .437804391 | - ,2620 .34
.35 9,.69687194 |-14.8261905 | 7,30925926 | -2,6244680% | ,444527363 | - ,2679 .35
.36 9.40548065 |-14,5451852 | 7,34470588 | ~2,65627119 | ,451269841 | - ,2740 .36
.37 9.12986434 [-14,2799099 |7,38007299 | -2,68805907 | .458031652 | - ,2801 .37
.38 8.86877980|-14.0291228 | 7,41536232 | ~2,71983193 | .464812623 | - .2863 .38
.39 8.62111123 |-13,7917094 |7,45057554 | —2,75158996 | 471612686 | - .2926 039
.40 8.38585434 |-13.,5666667 | 7.48571429 | -2,78333333 | .478431373 | - .2089 .40
.41 8.16210271 |-13,3530894 | 7,52078014 | -2,81506224 | .485268817 | - ,3054 .41
.42 7.94903619 [~13,1501587 | 7,55577465 | -2.84677686 | 492124756 | — ,3119 .42
.43 7,74591082 |~12,9571318 | 7,50069930 | ~2.8784 7737 | .498999028 | - 3184 .43
.44 7.55205024 [-12,7733333 | 7,62555556 | ~2,91016395 | .5065891473 | - .3251 .44
.45 7.36683812|-12,5981481 |7.66034483 | -2,94183673 | ,512801932 | - ,3318 .45
.48 7,18971168 |-12,4310145 | 7,69506849 | -2,97349593 | .519730250 | - .3386 .46
.47 7,02015598 |~12,2714184 |7.72972789 | -3,00514170 | 526676273 | — ,3455 .47
.48 6.85769891 |-12,1188889 |7,76432432 | -3,03677419 | 533639847 | - ,3525 .48
.49 6.70190689 |-11,9729932 |7,79885906 | -3.06839357 | .540620821 | - ,3595 .49
.50 6.55238095 |~11,8333333 | 7,83333333 | -3,10000000 | .547619048 | — ,3667 .50
.51 6.40875339 [-11,6995425 |7,86774834 | -3,13159363 | ,554634378 | - 3739 .51
.52 6.27068472 |-11.5712821 |7.90210526 | -3,16317460 | ,561666667 | - 3812 .52
.53 6.13786108 {-11,4482390 | 7,93640523 | -3,19474308 | ,568715770 | - ,3885 .53
.54 6.00999177 |-11,3301235 | 7.97064935 | -3,22629921 | ,575781544 | - ,3960 .54
.55 5.88680724 | -11,2166667 | 8,00483871 | ~3,25784314 | ,582863850 | — ,4035 .55
.56 5.76805714 {~11,1076190 |8,03897436 | ~3,28937500 | 589962547 | - ,4111 .56
.57 5.65350866 |-11,0027485 |8,07305732 | -3.32089494 | 597077498 | - ,4188 .57
.58 5.54294501 |-10,9018291 |8,10708861 | -3,35240310 | ,604208566 | ~ ,4266 .58
.59 5.43616408|-10,8046893 |8.14106918 | ~3,38389961 | 611355617 | — ,4345 .59
.60 5.33297721|-10,7111111 |8.17500000 |-3,41538462 | ,618518519 | — ,4424 .60
.61 5.23320807 |-10.6209290 | 8,20888199 |-3.44685824 | ,625697138 | - ,4504 .61
.62 5.,13669171 |-10.5339785 | 8,24271605 |~3,47832061 | .632891344 | - ,4585 .62
.63 5,04327361 |~10,4501058 | 8,27650307 |-3.50977186 | .640101010 | - ,4667 .63
.64 4,95280888 [~10,3691666 | 8,31024390 | ~3.54121212 | ,647326007 | - ,4750 .64
.65 4.86516155|-10.2910256 | 8.34393939 | -3,57264151 | .654566210 | — ,4834 .65
.66 4,78020385 |-10, 2155556 | 8, 37759036 | ~3,60406015 | .661821494 | — .4918 .66
.67 4.69781564 |-10.1426368 | 8. 41119760 |-3.63546816 | .669091735 | - ,5004 .67
.68 4,61788382 [-10,0721569 | 8,44476190 |-3,66686567 | .676376812 | - ,5090 .68
.69 4,54030182 |-10.0040096 | 8, 47828402 | -3, 69825279 | .683676603 | - ,5177 .69

)y
fE ddd
204 204 204 204 204 S5 .d.d.d
PN 5 £2 < o b’ (&) Pcha

19(a)
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FIVE-POINT DIFFERENTIATION COEFFICIENTS

NACA TN 2zz14

2 b & 20 200
O g2 2 a2 7 8 (1204
pa

200 200 2,0 200 200 T3 (50,

Lo e Lo <5 A v’ (e
4.46496917 | ~9.93809525] 8,51176471 | —3,72962963 | 0,690990991 | -0.5265 0.70
4.39179102| -9.87431925| 8.54520468 | -3.76099631 | .698319856 | -~ ,5354 W71
1.32067780| -9.81259260| B8.57860465 | -3,79235294 | ,705663082 | - ,5444 W72
4.25154481 | -9.75283105| 8,61196532 | -3,B82369963 | 713020554 | - ,5535 T3
4.18431194 | -9,69495495| 8,64528736 | -3.85503650 | 720392157 | - .5626 .74
4,11890352 | -9,63888890| 8,67857143 | -3,88656364 | 727777778 | — .5719 W75
4.05524708 | -9.58456140| 8,71181818 | -3.91768116 | 735177305 | - ,5812 .76
3.99527506 | —9.55190475| 8,74502825 | -3,94898917 | ,742590628 | - .5906 7
3.93202259 | -9, 48085470| 8.77820225 | -3,98028777 | 750017637 | - ,6002 .78
3,87412827| ~9,43135020| 8.,81134078 -4,01157706 757458223 - 6098 .79
3.81685375 | -9.36533333 | 8.84444444 | —4,04285714 | ,764912281 | - ,6195 .80
3.78008357 | - 9.33674897| 8,87751381 | —4.07412811 | 772379703 | - .6293 .81
5.70652494 | -9,29154471| £.91054945 | ~4,10539007 | ,779860384 | - 6391 .82
3.65340766 | —9.24767068| 8.94355191 | —4,13664311 | ,787354221 | ~ 6491 .83
3.8015838% | —9.20507936( 8.97652174 | —4,16788732 | ,794861111 | - .6592 .84
3.55100790 | =9.16372549| 9,00045946 | —4,19912281 | .802380952 | — .6694 .85
3.50163650 | —9.12356589 | 9,04236550 | —4.23034965 | 809913644 | — ,6796 .86
5.45342760 | —9,08455939 | 9,07524064 | ~4,26156794 | .817459087 | — 6900 .87
3.40634215 | -9.,04666667| 9.10808511 | —4,29277778 | .825017182 | - ,7004 .88
3.36034212 | —=9.00085019| 9.14089947 | —4.32397924 | ,832587832 | — .7110 .89
3.31550134 | —8.97407407| 9.17368421 | —4,35517241 | ,840170940 | - ,7216 .90
3.27145522 | - 8.93930403| 9.20643979 | —4.38635739 | .847766411 | — ,7323 .91
3.22850067 | -~ 8.90550725 | 9.23916667 | -4.41753425 | ,855374150 | - .7432 .92
3.18649606 | - 8.87265233 | 0,27186528 | ~4,44870307 | .862994063 | ~ 7541 .93
3.14541102 | - 8.84070922| 9.30453608 | —4.47986395 | ,870626058 | - ,7651 .94
3,10521655 | —8.80964912| 9,33717949 | —4.51101695 | .878270042 | — ,7762 .95
3.06588476 | - 8.77944444| 9.36979592 | —~4,54216216 | .885925926 | - ,7875 .96
5.02738899 | ~£.75006873 | 9.40238579 | -4.57320966 | .893593619 | - ,7988 .97
2.98970360 | =8,72140660| 9.43404949 | —4,60442053 | ,901273032 | — .81l02 .98
2.95280403 | - 8.69370370| 9.46748744 | —4,63555184 | ,908964077 | — ,8217 .99
2.01666667 | —8.66666667 | 9,50000000 | —4.66666667 | 916666667 | — 8333 1,00
2.88126885 | ~8.64036304 | 9,53248756 | ~4.69777409 | ,924380715 | — .8450 1,01
2.84658878 | - 8.61477124 | 9,56495050 | —4.72887417 | .932106136 | - .8569 1.02
2.81260554 | — 8,58987055 | 9.59758916 | -4,75996700 | 939842845 | -~ ,8688 1.03
2.77920898 | - 8,56564103 | 9,62080392 | —4.79105263 | ,947590759 | - .8808 1.04
2.74664972 | - 8,54206349 | 9.66219512 | —4,82213115 | 955349794 | - ,8929 1,05
2.71463914 | —8,51911950 | 9,60456311 | —4.85320261 | .963119869 | — ,9051 1,06
2.68324926 | - 8,49679128 | 9.72690821 | -4,88426710 | .970900901 | - .9175 1,07
2.65246282 | — 8,47506173 | 9.75023077 | ~4,01532468 | .978692810 | - ,9299 1.08
2.62226316 | - 8,45391437 | 9,79153110 | ~4,04637540 | .986495518 | - ,9424 1.09
2,59263422 | - 8,43333333 | 9,82380952 | —4.97741935 | .994308943 | -~ ,9551 1.10
2.56356054 | — 8,41330330 | 9.85606635 | -5.00845659 |1,00213301 - .9678 1.11
2,53502718 | — 8,39380952 | 9.88830189 | ~5,03948718 |1,00996764 - .9807 1.12
2.50701976 | - 8.37483776 | 9.92051643 | -5,07051118 [1,01781275 - .9936 1,13
2.47952437 | - 8,.35637427 | 9.95271028 | -5,10152866 |1,02566828 -1.0067 1.14
2,45252763 | -~ £,33840560 | 9.98488372 | -5,15253968 |1.03353414 -1.0199 1.15
2.42601655 | — 8.32091954 [10.0170370 | -5.16354430 |1,04141026 -1.0331 1.16
2,39997865 | - 8.30390313 [10,0491705 ~5.19454259 |1.04929656 ~1,0465 1.17
2,37440184 | - 8,28754463 |10,0812844 ~5,22553459 |1,05719298 -1.0599 1.18
2,34927443 | - 8.27123249 [10.1133790 -5.25652038 |1.06509944 ~1,0725 1.19
2,32458514 | - 8.25555556 [10,1454545 ~5,28750000 |1,07301587 -1,0872 1.20
2,30032304 | - 8.24030303 [10.1775113 -5.31847352 |1.08094220 | -1,1010 1.21
2,27647757 | - 8.22546448 [10,2095495 -5.54944099 |1,08887836 -1.1149 1.22
2.25303851 | - 8.21102981 [10.2415695 -5.38040248 |1.09682427 -1.1289 1,23
2,22999597 | ~ 8.19698925 [10.2735714 -5.41135802 |1,10477987 -1,1431 1.24
2,20734037 | - 8.18333333 |10.3055556 -5,44230769 |1.11274510 | -1.1573 1.25
2,18506244 | ~8,17005291 |10.3375221 -5,47325153 |1,12071987 -1,1717 1.26
2.16315321 | - 8,15713911 (10,3694714 ~5.50418960 |1.12870414 -1.1861 1.27
2.14160395 | - 8,14458333 [10,4014035 -5.53512195 |1,13669782 -1,2007 1.28
2,12040626 | - 8,13237726 |10.4333188 -5,56604863 |1,14470085 -1.2154 1.29
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EE dd
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NACA TN 2214

FIVE-POINT DIFFERENTIATION COEFFICIENTS

2 I & 2. 200 .
g 3 G o B =12
aaa 2 21 EE'
222 2~ t | I 2p1 e —

“bc d <Co ol L2 L3 A b3t ()

0.10 30,7219662 -34,6666667 5,00000000 ~-1,23809254 0.182795699 -0,0817 0,10
11 27,4577011 ~31.3333333 4.90990991 -1.21327014 . 178992497 - .,0798 .11
.12 24,7475926 ~28,5555556 4,82142857 -1.18867925 . 175213675 - 40780 .12
.13 22.4634752 -26,2051282 4,73451327 -1.,16431925 .171458999 - .0762 .13
.14 20.5138121 -24,1904762 4.64912281 -1.14018692 »167728238 |- .0743 .14
.15 18,8314850 ~22,4444444 4,56521739 ~1.11627907 « 164021164 - .0725 + 15
.16 17.3661631 -20,9166667 4.48275862 -1.09259259 + 160337553 - 0707 .16
217 | 16.0793653 | -19.5686275 | 4.40170940 | -1.06912442 | ,156677182 |- 0688 .17
s1s | 14.9411682 | -18.3703704 | 4.32203390 | -1.04587156 | .153039832 |- .0670 .18
219 | 13.9279539 | -17.2982456 | 4.24369748 | -1,02283105 | ,149425287 |~ ,0652 .19
.20 | 13.0208333 | -16.3333333 | 4,16666667 | —1,00000000 | ,145833333 |-~ ,0633 .20
21 12,2045202 -15, 4603175 4,08090909 - .977375565 .142263759 - .0615 .21
.22 | 11.4665118 | -14,6666667 | 4.01639344 | — ,954954954| ,138716356 |- 0597 .22
.23 10.7964841 -13,9420290 3.94308943 - .932735426 .135190918 |~ .0578 .23
.24 | 10.1858371 | ~13.2777778 | 3.87096774 | - .910714285| .131687243 |- .0560 .24
.25 9.62735043 -12, 6666667 3. 80000000 - .888888889 .128205128 - ,0542 .25
«26 9.11491763 -12.1025641 3.73015873 - . B67256637 « 124744376 - .0523 «26
.27 8,64333978 -11.5802469 3.66141732 -~ .B45814978 .121304791 - 0505 27
28 8.20816332 -11.0952381 3.59375000 - ,B824561404 .117886179 - .0487 .28
.29 7.80555148 | -10,6436782 3.52713178 | ~ .803493450 .114488349 - .0468 .29
«30 7.43218135 -10.2222222 3.46153846 - ,782608696 111111111 - .0450 +«30
.31 7.08516091 | - 9.82795699 | 3.39694656 | - .761904762 | .107754280 (- .0432 .31
.32 6.76196164 | ~ 9,45833333 | 3,33333333 | - .741379310| .104417671 |- .0413 .32
.33 6.46036336 - 9,11111111 3.27067669 - 721030043 .101101101 - 039858 «33
.2 6.17840881 | — 8.78431373 | 3.20895522 | - .700854701| 0978043912 (- ,037/ .34
«35 5.91436603 - 8,47619048 3.14814815 -~ .680851064 .0945283632 |- ,0358 «35
«36 5.66669700 - 8,18518519 3.08823529 - .661016949 .0912698413 |- .0340 «36
.37 5.43403139 | - 7.90990991 | 3.02919708 | ~ .641350211| ,0880316518 (- ,0322 27
.38 5.21514443 - 7,64912281 2.97101449 - .621848739 ., 0848126233 |- .0303 .38
+39 §.00893821 | - 7,40170940 2.91366906 - .5025104€9 .0816125860 |- ,0285 +39
.40 4.81442577 | - 7.16666667 | 2.85714286 | - .583333333| ,0784313725 |- ,0267 .40
.41 4,63071753 - 6,94308943 2.80141844 - +564315353 .0752688172 |- .0248 41
.42 4.45700965 | - 6.73015873 | 2.74647887 | - ,545454545| ,0721247563 |~ ,0230 .42
.43 4,29257403 - 6.52713178 2.69230769 -~ .5267483971 .0689090282 |- ,0212 .43
.44 4.13674969 | ~ 6.33333333 | 2.63688889 | - .00B196121| ,0658914729 |- 0193 .44
.45 3.,98893524 - 6,14814815 2.58620690 - .489795918 . 0628019324 |~ ,0175 .45
.46 3.84858238 | - 5.07101449 | 2.53424658 | - .471544715 | .0597302505 |- .0157 .46
.47 3.71519027 | - 5.80141844 | 2,48209320 | - 453441296 | -.0566762728 |- .0138 .47
.48 3.58830048 | - 5.63883889 | 2.43243243 | - .435483872 | ,0536398467 |- .0120 .48
.49 3,46749272 | - 5.48299320 | 2,38255034 | - , 417670683 | .0506208214 - ,0102 .49
.50 3.35238095 | - 5.33333333 | 2.33333333 | - , 400000000 | .0476190476 |- ,0083 .50
.51 3.24261001 | - 5.18954248 | 2,28476821 | - ,382470120 | ,0446343780 |~ .0065 .51
.52 3.13785265 | - 5.05128205 | 2.23684211 | — .365079365 | .0416666667 |- .0047 .52
.53 3.05780685 | — 4,91823899 | 2,18954248 | - .347826087| ,0387157696 (- ,0028 .53
.54 2.94219343 | - 4,79012346 | 2,14285714 | - ,330708661| .0357815443 |- ,0010 .54
.55 2,85075411 | - 4.66666667 | 2,09677419 | - .313725490 | .0328638498 | .0008 .55
.56 2.76324945 | - 4.54761905 | 2.05128205 | — .296875000 | .0299625468 | .0027 .56
.57 2.67945726 | - 4,43274854 | 2,00636943 | - .280155642 | ,0270774977 | .0045 .57
.58 2.59917109 | - 4.32183908 | 1.96202522 | - ,263565891 | ,0242085661 | .0063 .58
.59 2.52219890 | - 4.21468927 | 1.91823899 | — .247104247 | ,0213556175 | ,0082 .59
«60 2,44836182 - 4,11111111 1.87500000 - 230769231 .0185185185 .0100 «60
.61 2,37749307 | - 4,01002896 | 1,83229814 | - .214559388 | .0156971376 | .0118 .61
.62 2.30943698 | - 3.91397849 | 1,79012346 | - ,198473282 | ,0128913444 | ,0137 .62
.63 2.24404806 | - 5.82010582 | 1.74846626 | - .182509506 | ,0l01010101 | ,0155 .63
.64 2.18119025 | - 3.72916667 | 1.70731707 | - .166666667 | .00732600733 | 40173 .64
.65 2,12073616 | - 3.64102564 | 1.66666667 | — ,150943396 | .00456621005 | 0192 .65
.66 2,06256638 | ~ 3.55555556 | 1.62650602 | - .135338346 | .00182149362 | ,0210 .66
.67 2.00656892 | - 3,47263682 | 1.58682635 | - ,119850187 |- ,000908265213 .0228 .67
.68 1.95263862 | - 5,39215686 | 1.54761905 | — ,104477612 |- .00362318841 | ,0247 .68
« 69 1.90067665 - 3.31400966 1,50887574 - .089219331 |- ,00632339657 + 0265 «69

7
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84 NACA TN 2214

FIVE-POINT DIFFERENTIATION COEFFICIENTS

4
0o 3 Sgve® =13

21
_aaa 2014 i 201 201 201 A
"bcd +Co < 2% R «, 031 5 (2)
0.70 1.85059009 - 3,23809524 1.47058824 -0, 074074074 |-0.,00900900901| 0,0283 0.70
271 1.80229144 - 3.16431925 1.43274854 - ,059040590 |~ ,0116801438 .0302 .71
.72 1,75569832 - 3.09259259 1.39534884 - ,044117647|- .0143369188 .0?20 .72
73 1.71073302 - 3,02283105 1.35838150 - ,029304029 |~ .0169794459 .0338 73
74 1.66732226 - 2,95495495 1.32183908 - ,014598540 |~ .0196078431 » 0357 .74
.75 1.62539683 - 2.88888889 1.28571429 ] - .0222222222 .0375 75
.76 1,58489134 - 2.82456140 1.25000000 014492754 = .0248226950 .0393 .76
.77 1.54574400 - 2,76190476 1.,21468927 .028880866 - ., 0274093722 .0412 77
.78 1.50789632 - 2,70085470 1.17977528 .043165468]| - ,0299823633 .0430 .78
.79 1,47129292 - 2,64135021 1.14525140 057347670~ .0325417766 .0448 .79 -
.80 1.43588137 - 2,58333333 1,11111111 .071428571 !~ ,0350877193 .0467 +80 ﬁ:'
.81 1,401861195 - 2,52674897 1,07734807 .085409253 |- ,0376202975 .0485 .81 =
.82 1,36843750 | - 2.47154472 | 1,04395604 ,099290780 |~ ,0401396161 . 0503 .82
.83 1.33631330 | - 2,41767068 | 1.01092896 .113074205 |~ .0426457789 .0522 .83
.84 1.30519682 | - 2.36507936 . 978260869 .126760563 |~ 0451388889 .0540 .84
.85 1,27504772 | - 2.31372549 . 945945946 . 140350877 |~ .0476190476 ,0558 .85
.86 1.24582760 | - 2,26356589 .913978494 .153846154 |- .0500863558 . 0577 .86
.87 1.21749997 | - 2.21455939 . 882352041 .167247387 |- .0525409130 . 0595 .87
.88 1.19003010 | ~ 2.16666667 . 851063829 .180555556 [~ ,0549828179 L0613 .88
.89 1.16338491 | - 2.11985019 .820105820 .193771626 |~ .0574121680 . 0632 .89
.90 1.13753290 | - 2.07407407 789473684 .206896552 |~ 0598200598 L0650 .90
.91 1.11244404 | - 2,02930403 759162303 .219931271 |~ .0622335891 . 0668 .91
.92 1,08808972 | - 1.98550725 . 729166667 .232876712 |~ . 0646258503 .0687 .92
.93 1,06444261 | ~ 1,94265233 . 699481865 .245733788|~ 0670059372 .0705 .93 >
.94 1,04147667 | - 1,90070922 . 670103092 .258503401 |~ 0693739425 .0723 .94
.95 1.01916700 - 1.,85964912 .641025641 .271186441 |~ ,0717299578 .0742 +95
.96 .997489835 | ~ 1.81944444 ,612244897 .283783784 |~ ,0740740741 .0760 .96 .
.97 .976422468 | — 1.78006873 583756345 .296296296 |- 0764063812 .0778 .97
.98 .955943179 | =~ 1.74149660 . 555555556 | . .308724832|= ,0787269682 L0791 .98
.99 936031202 | - 1,70370370 . 527638191 321070234 |- .0810359231 0815 .99
1,00 . 916666667 | ~ 1.66666667 . 500000000 » 333333353 |~ 0833333335 .0833 1.00
1.01 L. 897830555 | = 1.63036304 . 472636816 . 345514950 |~ 0856192851 .0852 1.01
1,02 . 879504657 | = 1.59477124 . 445544554 .357615894 |~ .0878938640 .0870 1.02
1,03 .861671529 | — 1,55987055 .418719212 . 369636964 |~ ,0901571547 .0888 1.03
1.04 .B844314456 | = 1.52564103 . 392156863 .381578947 |~ .0924092409 .0907 1,04
1.05 .B827417416 | - 1.49206349 + 365853659 . 393442623 |- 0946502058 .0925 1.05
1,06 +B810965045 | ~ 1.45911950 339805825 . 405228758 |- ,0968801314 .0943 1.06
1.07 ,794042604 | = 1,42679128 . 314009662 .416938111 |- 0990990991 . 0962 1,07
1.08 .779335951 | - 1.39506173 .288461538 .428571429 |~ .101307190 .0980 1.08
1.09 ,764131511 | — 1.36391437 .263157895 . 440129450 |- , 103504482 .0998 1.09
1.10 .749316249 | - 1.33333333 .238095238 . 451612903 [~ .105691057 .1017 1,10
1.11 .734877644 | = 1.30330330 .213270142 . 463022508 |~ , 107866991 .1035 1.11
1.12 ,720803667 | - 1,27380952 . 188679245 . 474358974 |- ,110032362 .1053 1.12
1.13 .707082754 | - 1,24483776 .164319249 . 485623003 |- ,112187248 L1072 1.13
1.14 .693703789 | - 1.21637427 .140186916 . 496815287 |- ,114331723 +1090 1.14
1.15 .680656084 | — 1,18840580 .116279070 . 507936508 |~ .116465863 .1108 1.15
1.16 .667929349 | - 1,16091954 .0925925926 | .518987342 |- ,118589744 .1127 1.16
1.17 .655513693 | - 1,13390313 .0691244240| .529968454 (- ,120703437 .1145 1.17
1.18 .643399587 | - 1,10734483 ,0458715596| 540880503 |- ,122807018 .1163 1.18
1.19 .631577862 | -~ 1.08123249 ,0228310502| 551724138 |~ ., 124900557 .1182 1.19
1,20 .620039683 | - 1,05555556 0.000C000000 562500000 |-~ ,126984127 . 1200 1.20
1.21 ., 608776541 | - 1,03030303 |- ,0226244344 573208723 |~ .129057799 .1218 1.21
1.22 .597780237 | - 1,00546448 |- ,0450450450| ,583850932 |~ 131121643 .1237 1.22
1,23 .587042869 | - ,981029810 |~ .0672645740| ,594427245|- ,133175729 .1255 1.23
1.24 .576556815 | = .956989247 - .0892857143| 504938272 |- .135220126 .1273 1.24
1.25 .566314732 | - ,933333333 (- ,111111111 .615384615 |- .137254902 .1292 1.25
1.26 . 556309526 | = .910052911 |- ,132743363 . 625766871 |- ,139280125 . 1310 1.26
1,27 . 546534365 | -~ ,887139108 |- ,154185022 636085627 |- .141295863 .1328 1.27 hd
1.28 5369082647 | - .B64583333 |- ,175438596 .646341463 |~ .143302181 1347 1.28
1.29 .527648002 | = .842377261 - . 196506550 .656534954 |- ,145299145 .1365 1.29
2.3
E
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NACA TN 2214

FIVE-POINT DIFFERENTIATION COEFFICIENTS

2R2

2 | & 2.2

.38 - .474104040 1.87719298 | —2,72463768 1.42016807 0986193294 0103

2.2
. 3

=288 202 202 202 202 202 NI
bcd 470 471 472 473 474 b7f " (8)
0.10 | -2,79290602 4,33353333 | ~2.90909091 | 1,47619048 | ~0,107526882 0.0150
.11 | -2,49615464 4.03030303 | ~2,90090090 | 1,47393365 | - ,107181136 .0148
.12 | -2,24978114 3.77777778 | -2.89285714 | 1,47169811 | - ,106837607 .0147
.13 | -2,04213411 3,56410266 | ~2.88495575 | 1.46948357 | — ,106496273 .0145
.14 | -1.86489201 3.38095238 | -2,87719298 | 1,46728972 | - ,106157113 .0143
.15 |-1,71195318 3.20222222 | -2,86956522 | 1.46511628 | - ,105820106 .0142
.16 | =1,57874210 3,08333333 | -2,86206897 | 1,46296296 | - ,105485232 .0140
.17 | =1.46176048 2,96078431 | -2.85470085 | 1.46082949 | - ,105152471 ,0138
.18 |-1,35828802 2.85185185 | -2.84745763 | 1,45871560 | - ,104821803 . 0137
.19 | -1.26617763 2,75438596 | -2.84033613 | 1,45662100 | - ,104493208 .0138
.20 |-1.18371212 2,66666667 | ~2.83333333 | 1,45454545 | ~ ,104166667 .0133
.21 | =1,10950183 2.58730159 | -2,82644628 | 1,45248869 | -~ ,103842160 .0132
.22 | -1.,04241017 2,51515152 | -2.81967213 | 1.45045045 | = ,103519669 ,0130
«23 |- ,081498550 | 2.44927536 | -2.81300813 | 1,44843049 | ~ .103199174 .0128
«24 |- ,925985190 | 2.38888889 | -2,80645161 | 1,44642857 | ~ 102880658 .0127
«25 |- ,875213677 | 2,33333333 | -2,80000000 | 1,44444444 | ~ ,102564103 ,0125
.26 |- ,828628877 | 2.28205128 | -2,79365079 | 1,44247788 | - , 102249489 ,0123
«27 |- 785758160 | 2,23456790 | —2.78740157 | 1.44052863 | - .101936799 .0122
.28 |- ,746196667 | 2.19047619 | —2,78125000 | 1,43859649 | - ,101626016 .0120
.29 |- .709595590 | 2.14942529 | -2,77519380 | 1,43668122 | - ,101317123 .0118
«30 |- (675652850 | 2,11111111 | -2,76923077 | 1,43478261 | ~ ,101010101 L0117
«31 |- ,644105537 | 2,07526882 | —2,76335878 | 1.43290043 | ~ ,100704935 L0115
$32 |~ ,614723787 | 2.04166667 | -2.75757576 | 1.43103448 | - ,100401601 L0113
.33 |- ,587305760 | 2.01010101 | -2.75187970 | 1,42918455 | - ,100100100 .0112
«34 |- .561673527 | 1.98039216 | -2.74626866 | 1,42735043 | - ,0998003992 L0111
«35 |- ,537669640 | 1.95238095 | ~-2,74074074 | 1,42553192 | - ,0995024876 .0108
.36 |- .515154273 | 1,92592593 | -2.73529412 | 1,42372881 | - ,0992063492 .0107
«37 |- .494002853 | 1,90090090 | -2,72992701 | 1,42194093 | - .0989119683 .0105
«39 |- .455358020 | 1.85470085 | —-2,.71942446 | 1,41841004 | - ,0983284169 .0102
«40 |~ ,437675070 | 1,83333333 | -2,71428571 | 1.41666667 | - ,0980392157 .0100
.41 |- ,420974320 | 1,81300813 | -2.70921986 | 1.41493776 | - .0977517107 .0098
.42 |~ ,405182697 | 1.79365079 | ~2,70422535 | 1,41322314 | - 0974658869 40097
.43 |- 390236003 | 1,77519380 | ~2,69930070 | 1.41152263 | -~ ,0971817298 .0095
.44 |- .376068153 | 1.75757576 | -2,69444444 | 1,40983607 | - ,0968992248 ,0093
.45 |- .362630476 | 1.74074074 | —2,68965517 | 1,40816327 | - .0966183575 .0092
«46 |~ 349871126 | 1.72463768 | -2.68493151 | 1,40650407 | -~ ,0963391137 .0090
«47 |~ ,337744570 | 1.70921986 | -2.68027211 | 1,40485830 | - ,0960614793 .0088
.48 |- 326209135 | 1.69444444 | -2,67567568 | 1,40322581 | - ,0957854406 .0087
«49 |- ,315226611 | 1.68027211 | -2,67114094 | 1,40160643 | - ,0955109838 0085
50 |- .304761905 | 1.66666667 | ~2,66666667 | 1,40000000 | - .0952380952 .0083
W51 1= ,294782728 | 1.65359477 | -2,66225166 | 1,39840637 | - ,0949667616 ,0082
.52 |- ,285259331 | 1.64102564 | —2.65789474 | 1,39682540 | = ,0946969697 . 0080
.53 |- .276164257 | 1.62893082 | -2,65359477 | 1.39525692 | ~ ,0944287063 .0078
54 |- .267472130 | 1.61728395 | ~2,64935065 | 1.39370079 | - .0941619586 « 0077
.55 |- .259159465 | 1,60606061 | -2,64516129 | 1.39215686 | - ,0938967136 .0075
.56 |- .251204495 | 1.59523810 | -2,64102564 | 1,39062500 . 0936329588 . 0073
«57 |~ .243587023 | 1.58479532 | -2,63694268 | 1,38910506 .0933706816 .0072

+58 - 236288281 1.57471264 ~2, 63291139 1.38759690 . 0931098696 . 0070

» 59 - .229290809 | 1.56497175 | -2,62893082 | 1,38610039 . 0928505107 .0068
.60 - .222578348 | 1.55555556 | —=2,62500000 | 1,38461538 | ~ ,0925925926 . 0067
.61 - .,216135734 | 1.54644809 | -2.62111801 | 1.38314176 | - ,0923361034 . 0065
.62 - .209948816 | 1,53763441 | -2.61728395 | 1,38167939 | - ,0920810313 .0083
.63 - .204004370 | 1,52910053 | -2.61349693 | 1,38022814 | - 0918273645 . 0062
.64 - .198290023 | 1.52083333 | -2,60975610 | 1,37878788 | - .0915750915 . 0060
.65 - .192794196 | 1,51282051 | -2,60606061 | 1.37735849 | - ,0913242009 . 0058
.66 - .187506035 | 1,50505051 | -2.60240964 | 1,37593985 | — .0910746812 .0057
.67 - ,182415356 | 1.49751244 | -2,59880240 | 1.37453184 | - .0908265213 . 0056
.68 |- 177512601 | 1,49019608 | -2,59523810 | 1.37313433 | — .09057971C1 .0053
.69 - .172788786 | 1.48309179 | -2.59171598 | 1.37174721 | ~ .0903342366 .0052
2.2

202 202 202 202 202 . o£

474 473 472 47 470 p3fts)

21(a)




FIVE-POINT DIFFERENTIATION COEFFICIENTS

NACA TN 2214

2n2
ACO

2c2
4 4

-0.168235462
- .163844677
. 159608938
»155521184
+ 151574751

- 147763348
- +144081031
- ,140522182
- +137081483
- 133753902

. 130534670
. 127419268
« 124403409
. 121483027
+118654256

«115913429
«113257054
.110681816
.108184554
.105762264

«103412082
»101131277

LI I O L T I T I T T A O O B T O A O |

0989172470
. 0967675103
0946796970

09265185457
0906808940
.0887656790
0869039253
0850937457

.0833333333
. 0816209597
0799549690
. 0783337753
. 0767558597

.0752197650
» 0737240950
0722675093
. 0708487227
+0694665010

»0681196590
. 0668070587
+ 0655276060
. 0642802503
» 0630639807

0618778257
« 0607208500
0595921540
0584908717
0574161693

0563672440
0653433220
0543436580
05833675337
.0524142559

,0514831573
» 0505735833
. 0496849423
. 0488166042
+ 0479680003

~0.0900900901
- ,0898472596
- ,0896057347
- ,0893655049
- .,0891265597

- .0888888889
. 0886524822
. 0884173297
.0881834215
~ ,0879507475

0877192982
» 0874890639
, 0872600349
.0870322019
. 0868055556

[ I |

.0865800866
. 0863557858
.0861326443
.0859106529
. 0856898029

-~ .0854700855
.0852514919
.0850340136
.0848176421
. 0846023689

. 0843881857
.0841750842
. 0839630563
«0837520938
.0835421888

1

. 0833333333
.0831255195
.0829187396
.0827129859
»,0825082508

| S O T I §

.0823045267
.0821018062
. 0819000819
. 0816993464
.0814995925

I T T I |

» 0813008130
»,0811030008
. 0809061489
. 0807102802
0805162979

.0803212851
.0801282061
.0799360812
.0797448166
.0795549484

1

. 0793650794
. 0791765637
. 0789889415
. 0788022065
.0786163522

.0784313725
»0782472613
0780640125
0778816199
0777000777

2n2
4C4

2n2
4CO

27

E

b’ @)

0.0050 0.70
.0048 .71
.0047 .72
.0045 .73
.0043 .74
.0042 .75
-0040 .76 -
.0038 77 <
.0037 .78 —~
. 0035 .78
.0033 .80
.0032 .81
+0030 .82
.0028 .83
.0027 .84
.0025 .85
.0023 .86
.0022 .87
.0020 .88
.0018 .89
.0017 .90
.0015 .91
.0013 .92
.0012 .93
.0010 .94
.0008 .95
.0007 .98
.0005 .97
.0003 .98
. 0002 .99

&g 1.00
-0,0002 1,01
- .0003 1.02
- .0005 1.03
~ .0007 1,04
- .0008 1,05
- .0010 1,06
- .0012 1.07
- .0013 1,08
- .0015 1,09
- .0017 110
- .0018 .11
- .0020 1,12
- .0021 1,13
~ .0023 1,14
- .0025 1,15
- .0027 1.16
- .0028 L.17
- .0030 .18
- .0032 1.19
~ .0033 1,20
- .0035 1.21
- .0037 1.22
- .0038 1.23
- .0040 1.24
- .0042 1.25
- .0043 1.26
~ .0045 1.27
- .0047 1.28
- .0048 1.29
2.2
L __4f p-d-d.d
b3f(5)(z) cba

8The next order remainder term is 0.0111 b* [f(a'(x)}




1411

NACA TN 2214

FIVE-POINT DIFFERENTIATION COEFFICIENTS

2 & 200 2,2 .
(D y)x=xi—b—2J_zd v+ R (i=3,1)
2.3
aaa 203 2p3 203 203 203 B

“bcd L C 42 4C3 A b3 ()

0.10 ~2,79290602 3,33333333 0,0909090901| ~1.52380952 0.892473118 | -0.0683 0.10
.11 ~2.49615464 3.03030303 +«0990990921] -1.52606635 . 892818864 | — ,0685 .11
.12 -2,24978114 22,7777 8 107142857 | -1, 52830189 . 893162393 | ~ ,0687 .12
«13 —2,04213411 2,56410256 +115044247 | -1,53051643 . 893503727 | - 0688 -13
<14 -1,86489201 2.38095238 .122807018 | -1,53271028 « 893842887 | ~ 0690 214
.15 ~1.71195318 2.22222222 130434783 | ~1,53488372 .894179894 | - ,0692 .15
.16 -1.57874210 2,08333333 137931034 | -1,53703703 .894514768 | - ,0693 16
«17 -1,46176048 1.96078431 «145299145 | ~1.53917051 .894847529 | - ,0695 17
.18 -1,35828802 - 1.85185185 .152542373 | -1,54128440 +895178197 | - ,0697 .18
19 -1.26617763 1.75438596 159663866 | =1.54337900 895506792 | ~ 0698 .19
«20 -1,18371212 1.66666667 .166666667 | -1,54545455 «895833333 | - ,0700 .20
.21 =1,10950183 1.58730159 «173553719 { -1.54751131 .896157840 | - 0702 21
.22 -1.,04241017 1,51515152 . 180327869 | -1.,54954955 +896480331 | -~ .0703 22
.23 - .981498550 1.44927536 186991870 | -1.55156951 896800826 | -~ ,0705 23
.24 - .925985190 1, 38888889 «193548387 | -1.55357143 897119342 | - 0707 .24
«25 - 875213677 1.33333333 « 200000000 | -1, 55555556 «897435897 | - ,0708 .25
«26 —~ 828628877 1.28205128 206349206 | -1.55752212 . 897750511 | -~ ,0710 +26
.27 -~ ,785758160 1.23456790 212598425 | ~1,55947137 .898063201 | - 0712 27
.28 —~ 2746196667 1,19047619 218750000 | =1,56140351 +898373984 | -~ ,0713 .28
29 ~ .709595590 1.14942529 .224806202 | -1,56331878 . 898682877 | - ,0715 +29
«30 - ,675652850 1.11111111 .230769231 | ~1,56521739 898989899 | - 0717 «30
31 ~ .644105537 1.07526882 .236641221 | -1,.56709957 899295065 | - ,0718 «31
.32 - .614723787 1.04166667 «242424242 | -1,56896552 . 899598394 | - ,0720 .32
+ 33 - . 587305760 1.01010101 .248120301 | -1,57081545 +899899900 | ~ ,0722 « 33
034 - .561673527 + 980392157 «253731343 | ~1.57264957 « 900199601 | - 0723 o34
«35 - +537669640 . 952380952 259259259 | ~1,57446809 » 900497512 | - Q725 « 35
«36 - .515154273 . 925925926 .264705882 | ~1,57627199 900793651 | - ,0727 +36
.37 - +494002853 « 900900901 270072993 | ~1.57805907 . 901088032 | - ,0728 « 37
.38 - .474104040 877192982 «275362319 | -1,57983193 .901380671 | = 0730 «38
«39 - .455358020 « 854700855 «280575540 | ~1,58158996 +9018671583 | ~ 0732 39
.40 - .,437675070 . B33333333 285714286 | ~-1.58333333 +901960784 | ~ ,0733 «40
.41 - 420974320 813008130 290780142 | ~1,58506224 .902248289 | - ,0735 .41
.42 - .405182697 793650794 .295774648 | -1.58677686 +902534113 | -~ ,0737 .42
.43 - 390236003 775193798 300699301 | =1,58847737 »902818270 { - ,0738 .43
.44 - ,376068153 .757575758 + 305555556 | ~-1,59016393 . 903100775 | - ,0740 .44
45 ~ 362630476 . 740740741 310344828 [-1,59183673 .903381643 | ~ ,0742 .45
«46 - ,349871126 . 724637681 «315068493 |-1,59349593 « 903660886 | - 0743 .46
.47 = 337744570 .709219858 «319727891 |-1.59514170 .903938521 | - .0745 .47
.48 - .326209135 .694444444 . 324324324 | -1,59677419 .904214559 | - ,0747 48
.49 = .315226611 . 680272109 « 328859060 | -1,59839357 .904489016 | - ,0748 .49
+50 ~ .304761905 . 666666667 « 333333333 | ~1.60000000 904761905 | = ,0750 + 50
+51 = 294782728 .653594771 . 337748344 {-1,60159363 .906033238 | ~ ,0752 .51
«52 - .285259331 .641025641 «342105263 |-1,60317460 +4 905303030 | - .0753 .52
«583 - .276164257 . 628930818 . 346405229 |-1,60474308 905571294 | - ,0755 +53
oS54 - 267472130 ,617283951 « 350649351 (-1,60629921 .905838041 | - 0757 +54
«55 = 259159465 . 806060606 354838710 |[-1,60784314 .906103286 { = ,0758 .55
+«56 - ,251204495 . 595238095 «358974359 |-1.60937500 . 906367041 | —~ ,0760 +56
57 - ,243587023 + 584795322 363057325 |-1.61089494 . 906629318 | - ,0762 « 57
.58 - .236288281 « 574712644 « 367088608 |-=1,61240310 . 906890130 | - ,0763 .58
.59 ~ 2229290809 564971751 « 371069182 |~1.61389961 +907149489 | - ,0765 .59
.60 — 2222578348 « 555855556 375000000 |-1.61538462 + 907407407 | = ,0767 .60
.61 - .216135734 . 546448087 .378881988 [-1.61685824 . 907663897 | - ,0768 .61
.62 - .209948816 « 037634409 382716049 |-1,61832061 907918969 | ~ ,0770 .62
.83 ~ +204004370 «529100529 . 386503067 |~1.61977186 » 308172635 | - ,0772 .63
+64 = .168290023 . 520833333 «390243903 |~1,62121212 «908424908 | - ,0773 .64
«865 - »182794196 512820513 « 393939394 |-1,62264151 .908675799 | - ,0775 «65
«66 =~ .187506035 « 505050505 » 397590360 |[~-1,62406015 . 908925319 | - ,0777 66
67 - .182415356 . 497512438 +40119760Q3 |-1,62546817 «909173479 | - ,0779 .67
.68 ~ ,177512601 . 490196078 +404761903 |~1,62686567 909420290 | - ,0780 .68
«69 ~ »172788786 » 483091787 .408284023 |-1,62825279 . 909665763 | - ,0782 .69

2.0
E
4~ ddd
2p1 2n1 201 P 201 _d.d
Cy N 2 i %o p2¢' % gy P-ba
22(a)

87



88

FIVE-POINT DIFFERENTIATION COEFFICIENTS

2,2

NACA TN 2z14

(0%, =L st 2ty . %R (i=3,1)
y X=X; p2 ~ 47] yj 4 2 ]
j=0 :NACA;
e
el 203 203 203 203 203 3 (57

bcd 470 4”1 472 4v3 474 b f " (&)

0.70 | -0.168235462 0. 476190476 | 0,411764707 | -1,62962963 0,909909910( -0,0783 0.70
«71 | - 163844677 . 469483568 ., 415204680 | -1.63099631 .910152740( -~ ,0785 .71
.72 | - 159608938 462962963 . 418604650 | ~1,63235294 .910394265( - ,0787 W72
.73 | - .155521184 456621005 . 421965317 | -1.63369963 .910634495| - ,0788 13
274 | - 4151574751 450450450 . 425287357 | -1,63503650 .910873440| - ,0730 .74
o775 | = .147763348 .444444444 , 428571430 | -1,63636364 .911111111| -~ .0792 .75
.76 |- .144081031 . 438596491 .431818183 | -1,63768116 .911347518| - ,0793 .76
«77 |- .140522182 - 432900433 . 435028250 | -1,63898917 911582870 -~ ,0795 ST
+78 |- ,137081483 . 427350427 . 438202247 | ~-1,64028777 .911816578| = 40797 .78
.79 |- 133753902 421940928 » 4413240783 | ~1.64157706 . 912049252 ~ 0798 .79
+80 |- .130534670 + 416666667 .444444443 | -1,64285714 .912280702| -~ ,0800 .80
.81 |- .127419268 »411522633 447513813 | ~1.64412811 .912510936| - ,0802 .81
.82 |- 124403409 . 406504065 | .450549450 | ~1,64539007 .012739965| - .0803 .82
.83 |- .121483027 2401606425 | 453551913 | ~1,64664311 .912967798| - ,0805 .83
.84 |- 118654256 . 396825396 | 456521740 | —1,64788732 .913194444| ~ 0807 .84
.85 |- .115913429 .392156862 | 459459460 | ~1.64912281 .913419913| - .0808 .85
.86 |- .113257054 .387506899 | .462365590 | —1.65034965. .013644214| — ,0810 .86
.87 |- .110681816 .383141762 | .465240640 | -1,65156794 .913867356| - .0812 .87
.88 |- ,108184554 L378787879 | .468085107 | ~1,65277778 .914089347| - ,0813 .88
.89 |- .105762264 .374531836 | .470899470 | -1,65397924 .914310197| - .0815 .89
.90 |- .103412082 .370370370 | .473684210 | -1.65517241 .914529914| - .0817 .90
.91 [~ .101131277 .366300366 | 476439790 | -1.65635739 .914748508| — .0818 .91
.92 |- .0980172470 | .362318840 | .479166667 | -1.65753425 .914965986 | ~ ,0820 .92
.93 |- .0967675103 | ,358422939 | ,481865283 | ~1,65870307 .915182358| - ,0822 .93
,94 |- ,0946796970 | .354609929 | .484536083 | —~1.65986395 .915397631 | —~ .0823 .94
.95 |- .0926515457 | ,350877192 | .487179487 | -1,66101695 .915611814 | —~ ,0825 .95
.96 |~ ,0806808940 | ,347222222 | .489795920 | ~1.66216216 .915824916 | — ,0827 .96
.97 |- .0887656790 | .343642612 | .492385787 | ~1.66329966 .916036944 | — .0828 .97
.98 |~ .0869039253 | .340136054 | ,494949495 | -1.66442953 .916247906 | ~ ,0830 .98
.99 |- .0850037457 | 336700337 | .497487437 | ~1,66555184 .916457811| —~ ,0832 .99

1.00 |- 0833333333 | 333333333 | ,500000000 | ~1.66666667 .916666667 | - .0833 1,00

1,01 |- .0816209597 « 330033003 502487562 | -1,66777409 .916874480 | - .0835 1,01

1,02 |- .0799549690 | .326797386 | .504950495 | ~1,66887417 .917081260 | — ,0837 1.02

1.03 |~ .O783337753 | .323624595 | ,507389163 | -1,66996700 .917287014 | - ,0838 1.03

1,04 |- ,0767558597 | .320512821 | 509803922 |-1,67105263 .917491749 | - .0840 1,04

1.05 |- .0752197650 | .317460317 | .512195122 |-1.67213115 .017695473 | - ,0842 1,05

1.06 |- ,0737240950 | .314465409 | ,514563107 |-1,67320261 .917898194 | - ,0843 1.06

1.07 |- .0722675093 | .311526480 | .516908213 | -1.67426710 .918099918 | - .0845 1,07

1.08 |- .0708487227 | .308641975 | .519230769 |-1.67532468 .918300654 | ~ .0847 1.08

1.09 |~ .0694665010 | .305810398 | 521531100 |-1,67637540 .918500407 | -~ .0848 1.09

1.10 |- .0681196590 | .303030303 | .523809524 |-1.67741936 .918699187 | - ,0850 1.10

1.11 |~ .0668070587 | .300300300 | .526066351 |-1,67845659 .918896999 | -~ ,0852 1.11

1,12 |- .0655276060 | .297619048 | ,528301887 |-1,67948718 ,919093851 | - ,0853 1.12

1.13 |- .0642802503 | .294985251 | .530516432 |-1.68051118 .919289750 | — .0855 1,13

1.14 |- .0630639807 | .292397661 | .532710280 |-1,68152866 919484702 | - .0857 1.14

1.15 |- .0618778257 | .289855072 | .534883721 |-1.68253968 .919678715 | - ,0858 1.15

1.16 |- .0607208500 | .287356322 | ,537037037 |-1.68354430 .919871795 | - .0860 1.16

1.17 |- .0595921540 | .284900285 | 539170507 |=~1.68454259 .920063949 | — ,0862 1.17

1.18 |- .0584908717 | .282485876 | ,541284404 |-1,.68553459 .920255183 | - ,0864 1.18

1.19 |- .0574161693 | .280112045 | .543378995 |-1,68652038 .920445505 | ~ ,0865 1.19

1.20 |- .0563672440 | .2777777T78 | 545454545 |-1,68750000 .920634921 | - .0853 1.20

1.21 |- .0553433220 | .275482094 | .547511312 |-1.68847352 .920823436 | -~ ,0868 1.21

1.22 |- ,0543438580 | .273224044 | 549549550 |-1,68944099 .921011058 | - .0870 1,22

1.23 |- .0533675337 | ,271002710 | .551569507 |-1,69040248 .921197794 | ~ 0872 1.23

1.24 |~ .0524142559 | .268817204 | .553571429 |-1,69135802 .921383648 | - ,0873 1.24

1.25 |- .0514831573 | .266666667 | .555555556 |-1,69230769 .921568627 | ~ .0875 1.25

1.26 |- ,0505735933 | ,264550265 | ,557522124 |-1,69325153 .921752739 | = ,0877 1.26

1.27 |- .0496849423 | .262467192 | .559471366 |-1,69418960 .921935988 | - ,0878 1.27

1.28 |- .0488166042 | .260416667 | .561403509 |-1.69512195 .922118380 | - .0880 1.28

1.29 |- .0479680003 | .258397933 | .563318777 |-1,69604863 . 922299922 | - ,0882 1.29

iEI ddd
201 201 201 201 201 - -ddd
4C4 43 4C2 A 4Co bsf(5’(z) P=&Fa

22(b)

19T
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NACA TN 2214

FIVE-POINT DIFFERENTIATION COEFFICIENTS

4

O)yex,- L > 2c2y5 + 282 (i-4,0)
2 G, 4T S NACA
aaa m———iE‘

e 2r4 2n4 204 2r4 204 )

b cd Lo L 02 43 2Ce b2f'° (&)

0,10 30,7219662 ~37.6666667 14,0000000 -10,2380952 3.18279570 0,6683 0.10
.11 27.4577011 -34,3333333 13.9099099 -10,2132701 3.17899250 « 86701 .11
.12 24,7475926 -31,5555556 13,8214286 -10.1886792 3.17521368 . 8720 .12
«13 22.4634752 -29.2051282 13,7345133 -10.1643192 3.17145900 .6738 .13
.14 20,5138121 -27.1904762 13,6491228 -10,1401869 3.16772824 .6756 .14
«15 18.8314850 ~25,4444445 13.5652174 -10,1162791 3.1€402116 86776 .15
.18 17,.3661631 -23,90166667 13,4827586 -10,09825926 3.16033755 .€793 .16
.17 16.0793653 -22,5686275 13,4017094 -10.0691244 3,15667718 .6811 .17
.18 14,9411682 -21,3703704 13,3220339 ~10.0458716 3.15303983 . 6831 .18
.19 13.9279539 -20.2982456 13.2436975 -10,0228311 3,14942529 .6848 .19
+20 13.0208333 -19,.3333333 13,1666667 =10,0000000 3.14583333 .6866 .20
.21 12.2045202 -18,4603175 | 13.,0909091 ~ 9,97737557 | 3.14226376 . 6885 .21
.22 11.4665118 -17.6666667 13.0163934 - 9.95495495 | 3,13871636 .6903 .22
.23 10,7964841 -16,9420290 12.94308%4 - 9.93273543 | 3.13519092 .6923 .23
.24 10.,1858371 -186,2777778 12.8709677 - 9,91071429 | 3.,13168724 .6340 .24
.25 9.62735043 -15,6666667 12, 8000000 - 9.88868889 | 3,12820513 6958 .25
.26 9.11491763 -15,1025641 12.7301587 - 9,86725664 | 3.12474438 .6977 +26
27 8.64333978 -14,5802469 12.6614173 - 9,84581498 | 3.12130479 .6995 .27
.28 8.20816332 ~14,0952381 12, 5937500 ~ 9,82456140 | 3.11788618 .7014 .28
.29 7.80555148 ~13,6436782 |°12,5271318 - 9.80349345 | 3.11448835 «7031 .29
.30 7.43218135 -13,2222222 12, 4€15385 -~ 9,78260870 | 3,11111111 7051 +30
«31 7.08516091 -12,8279570 12,3969466 - 9,76190476 | 3,10775428 .7068 .31
.32 6,76196164 -12,4583333 12.3333333 - 9,74137931 | 3,10441767 .7088 .32
.33 6,46036336 -12,1111111 12.2706767 - 9,72103004 { 3.10110110 »7105 «33
.04 6.17840881 -11,7843137 12,.2089552 ~ 9,70085470 | 3.,09780439 7124 .34
.35 5,91436603 ~11,4761905 12.1481482 - 9,68085106 | 3.09452736 7142 «35
«36 5,66669700 -11,1851852 12,0882353 - 9.66101695 | 3.09126984 .7161 .36
.37 5.43403139 ~10,9099099 12,0291971 - 9.64135021 | 3,08803165 .7178 .37
.38 5.,21514443 -10,6491228 11.9710145 - 9.62184874 | 3,08481262 L7197 .38
.39 5,00893821 -10, 4017094 11,9136691 - 9,60251046 | 3,08161259 7215 «39
40 4,81442577 -10.1666667 11.8571429 - 9,68333333 | 3,07843137 L.7234 .40
.41 4.63071753 - 9,9430894% | 11,8014184 - 9,56431535 | 3,07526882 7251 <41
.42 4,45700965 - 9,73018873 | 11,7464789 - 9,.54545455 | 3,07212476 7270 .42
.43 4,29257403 - 9,82713178 | 11.6923077 - 9,52674897 | 3,06899903 .7289 .43
+44 4,13674969 - 9,33333333 | 11.6388889 - 9,50819672 | 3.06589147 . 7307 .44
.45 3.,98893524 -~ 9,14814815 ] 11,5862069 -~ 9,48979592 | 3,06280193 . 7326 45
+46 3.848E8238 - 8.,97101449 11,5342466 - 9,47154472 | 3,05973025 7343 .46
.47 3.71519027 -~ 8,80141844 | 11, 4829932 - 9.45344130 | 3,05667627 . 7362 .47
.48 3.58830048 ~ B8,63888889 | 11,4324324 - 9,43548387 | 3,05363985 L7379 .48
.49 3,46749272 - 8,48299320 | 11.3825503 - 9,41767068 | 3,05062082 .7398 .49
.50 3.35238095 - B3,33333333 1 11.3333333 - 9,40000000 | 3,04761905 £ 7417 .50
.51 3.24261001 - 8,18954248 | 11,2847682 —~ 9.,38247012 | 3.04463438 7434 .51
52 3.13785265 ~ 8,05128205 | 11.2368421 - 9.36507936 | 3.04166667 »7453 .52
.53 3.03780683 |- 7.91823899 | 11.1895425 |-~ 9,34782609 | 3.03871577 L7472 .53
+54 2.94219343 - 7.79012346 | 11.1428571 - 9,33070866 | 3,03578154 .7489 .54
.55 2.,85075411 - 7.66666667 | 11,0967742 - 9.31372549 | 3.03286385 .7508 +55
.56 2,76324945 - 7.,54761905 ] 11,0512821 - 9.29687500 | 3,02996255 . 7527 .56
.57 2.67945726 - 7.43274854 | 11.0063694 - 9,28015564 | 3.02707750 .7544 .57
.58 2.59917109 -~ 7.,32183908 | 10,9620253 - 9,26356589 | 3.02420857 .7563 .58
.59 2.,52219890 - 7.21468927 | 10,91823%0 -~ 9,24710425 | 3,02135562 ."7582 .59
.60 2.44836182 - 7,11111111 | 10.8750000 - 9,23076923 | 3,01851852 + 7601 .60
.61 2,37749307 - 7,01092896 | 10,8322981 - 9,21455939 |3,01569714 .7618 .61
.62 2.30943698 - 6,91397849 | 10,7901235 - 9,19847328 | 3,01289134 7637 .62
.83 2.24404806 - 6.82010582 | 10,7484663 - 9,18250951 |3.01010101 .7656 .63
.64 2.18119025 - 6,72916667 | 10,7073171 - 9,16666667 |3.,00732601 L7672 .64
.65 2.12073616 - 6,64102564 | 10,6666667 ~ 9.15094340 |3.00456621 . 7691 .65
.66 2.0625€638 - 6,55555556 | 10,6265060 - 9.13533835 |3.00182149 .7710 .66
.67 2,00656892 - 6.47263682 | 10,5868264 -~ 9,11985019 [2.98309174 L7729 67
.68 1,95263862 - 6.39215686 | 10,5476191 - 9,10447761 [2.99637681 7745 .68
.69 1,900867€65 -~ 6,31400966 | 10,5088757 - 9.08921933 |2,99367660 7764 .69

) 2.0
. E
ZCO 2ce 200 ZCO ZC() = 4 ddd
474 473 472 47 470 02 (2) 5
23(a)

89



90 ' . NACA TN 2214

FIVE-POINT DIFFERENTIATION COEFFICIENTS

4
02 | 202 . . 2p2 o
(D y),‘:,fp .Z K2y + R (i=4,0) »
4=0 :NACA ;:
24
_azaa 204 204 204 2p4 204 A
p~c d <o 2 A L5 L. 53¢ (5)

0.70 1.85059009 | - 6,23809524 | 10.4705882 | ~ 9.07407407 | 2.99099099 | 0.7783 0.70
.71 1.80229144 - 6,16431925 | 10,4327485 - 9.059040%9 | 2,98831986 .7800 W71
.72 1,75569832 —~ 6.,09259259 | 10,3953488 -~ 9,04411765 | 2.98566308 .7821 .72
.73 1.71073302 | ~ 6.02283105 |10.3583815 |~ 9,02930403 | 2,98302055 7837 .73
.74 1,66732226 - 5,95495495 |10,3218391 - 9.,01459854 | 2,98039216 7856 .74
.75 1,62539683 - 5,88888889 |10.2857143 - 9,00000000 | 2,97777778 7875 .75
.76 1.58480134 | ~ 5.82456140 |10.2500000 |~ 8,98550725 | 2.97517731 . 7896 .76 ~
77 1.54574400 | - 5,76190476 |10.2146893 |~ 8.97111913 | 2,97259063 .7912 .77 o
.78 1.50789632 | - 5,70085470 |10.1797753 |- B8,95683453 | 2,97001764 .7929 .78 &
.79 1.47129292 | - 5,64135021 |10.1452514 |~ 8,94265233 | 2.96745822 27948 .79 o~
.80 1.43588137 | - 5.58333333 [10.1111111 |- 8,92857143 | 2,96491228 . 7966 .80
.81 1.40161195 | ~ 5.52674897 |10.0773481 | — 8,91459075 | 2,96237970 7985 .81
.82 1.36843750 | — 5.47154472 [10,0439560 |- 8,90070922 | 2,95986038 . 8004 .82
.83 1.33631120 | - 5.41767068 |10,0109290 |- 8,88692580 | 2.95735422 . 8022 .83
.84 1.30519682 | - 5.36507936 | 9.97826087 | - £.87323944 | 2.95486111 .8041 .84
.85 1.27504772 | - 5.31372549 | 9.94594594 | - 8,85964912 | 2.95238095 . 8057 .85
.86 1.24582760 | - 5.26356589 | 9.91397849 |~ B8,84615385 | 2,94991364 .8076 .86
.87 1.21749997 | — 5.21455939 | 9.88235294 | - 8,83275261 | 2.94745909 . 8094 .87
.88 1.19003010 | - 5,16666667 | 9.85106383 | ~ 8.81944444 | 2,94501718 .8113 .88
.89 1.16338491 | - 5.11985019 | 9.82010582 |- 8,80622837 | 2.94258783 . 8132 .89
.90 1.13753290 | ~ 5.07407407 | 9.78947368 | -~ 8.79310345 | 2,94017094 . 8150 .90
.91 1.11244404 | - 5.02930403 | 9.75916230 | - 8,78006873 | 2.93776641 .8169 .91
.92 1.08808972 | - 4,98550725 | 9.72916667 | — B.76712329 | 2,93537415 .8187 .92
.93 1.06444261 | - 4,94265233 | 9.69948186 | — 8,75426621 | 2,93299406 . 8206 .93
.94 1.04147667 | - 4,90070922 | 9.67010309 | - B8,74149660 | 2,93052606 .8224 .94
.95 1,01916700 | - 4,85964912 | 9.64102564 | — 8,72881356 | 2,92827004 .8240 .95
.96 ,007480835 | - 4.81944444 | 9,61224490 | - 8.71621622 | 2.92592593 . 8259 .96
.97 .076422468| ~ 4,78006873 | 9.58375635 | - 8,70370370 | 2.92359362 . 8277 .97
.98 .955043179 | - 4,74149660 | 9.55555556 | — £.69127517 | 2,92127303 . 8296 .98
.99 .936031202 | — 4.70370370 | 9.52763819 | - B8.67892977 | 2.91896408 .8314 .99

1.00 .916666667 | ~ 4.66666667 | 9,50000000 |~ B,66666667 | 2.91666667 .B333 1.00

1.01 . 897830555 | — 4.63036304 | 9.47263682 | - 8.65448505 | 2,91438071 .8351 1.01

1.02 LB79504657 | — 4,59477124 | 9,44554455 |~ 8.64238411 | 2,91210614 .8370 1.02

1.03 .861671529 | ~ 4.55987055 | 9.41871921 |~ 8.63036304 | 2.90984285 . 8388 1.03

1.04 .844314456 | — 4.52564103 | 9.39215686 | - 8.61812105 | 2,90759076 .8406 1.04

1.05 .827417416 | - 4,49206349 | 9.36585366 | - 8,60655738 | 2.90534979 .8425 1.05

1.06 .810965045 | — 4,45911950 | 9.33%980583 | - 8.59477124 | 2.90311987 .8443 1,06

1.07 .794942604 | - .4, 42679128 | 9.31400966 | - 8.58306189 | 2.90090090 . 8462 1.07

1.08 L779335951 | ~ 4,39506173 | 9.28846154 | - 8,57142857 | 2.89869281 .8480 1.08

1.09 .764131511 | - 4.36391437 | 9.26315789 | - 8.55987055 | 2.89649552 .8498 1.09

1.10 .749316249 | - 4.33333333 | 9.23809524 | - 8.54838710 | 2.89430894 .8517 1.10

1.11 \734877644 | -~ 4.30330330 | 9.21327014 | - 8,53697749 | 2.89213301 .8535 1.11

1.12 .720803667 | - 4.27380952 | 9.18867925 | — 8,52564103 | 2,88996764 .8553 1.12

1.13 .707082754 | ~ 4,24483776 | 9.16431925 | - 8,51437700 | 2.88781275 .8571 1.13

1.14 ,693703789 | - 4.21537427 | 9.14018692 |- £.50318471 | 2, 88566828 . 8590 1.14

1.15 .680656084 | -~ 4,18840580 | 9.11627907 | — 8.49206349 | 2,88353414 . 8608 1.15

1.16 .667929349 | — 4,16091954 | 9.09259259 | - 8,48101266 | 2.88141026 .8627 1.16

1.17 .655513693 | — 4,13390313 | 9.06912442 |~ 8,47003155 | 2,87929656 . 8645 1.17

1.18 .643399587 | -~ 4.10724463 | 9.04587156 |~ 8,45911950 | 2,87719298 . 8663 1.18

1.19 .631577862 | - 4.08123249 | 9,02283105 |- 8, 44827586 | 2, 87509944 .8682 1.19

1.20 ,620039683 | - 4,05555556 | 9.00000000 |- 8.43750000 |2.87301587 . 8700 1.20

1.21 .608776541 | - 4,03030303 | 8,97737557 |- 8,42679128 | 2.87094220 .8718 1.21

1.22 .597780237 | — 4,00546448 | 8.95495495 |- B8,41614907 | 2,86887836 L8737 1.22

1.23 .587042869 | - 3.98102981 | 8,93273543 |- 8.40557276 | 2.86682427 8755 1,23

1.24 576556815 | = 3.95698925 | £.91071429 |- 8.39506173 |2.86477987 L8773 1.24

1.25 .566314732 | — 3.93333333 | 8.68888889 |~ 8,38461538 | 2,86274500 .8792 1.25

1.26 .556300526 | ~ 3.91005291 | 8.86725664 |- B.37423313 |2.86071987 . 8810 1.26

1.27 .546534365 | — 3.88713911 | 8.84581498 |~ 8,36391437 |2.85870414 .8828 1.27

1.28 .536982647 | — 3.86458333 | B8,82456140 |- 8,35365854 |2.85669782 . 8847 1.28

1.29 .527648002 | ~ 3,84237726 | 8.80349345 |- 8.34346505 | 2.85470085 . 8865 1.29

2.0
200 200 200 200 2¢0 E _ddd
474 4”3 &2 ™ Lo b |PeE
bif(5 (E) cba
| I




L1

i

NACA TN 2214

FIVE-POINT DIFFERENTIATION COEFFICIENTS

4

3 | 3t . 4 3pi i=
(D y),(:,(|=.l.)s 4Cj yj + 3R (i=0,4)
% AR
aa iEo
_aaa 3~0 300 300 300 300 ————
M= c g Lo i <2 3 A b2 (&)

0,10 ~53,6237956 | 63,0000000 =14, 4545455 6.14285714 | -1,06451613 | 0,6430 0.10
.11 -48.2257077 | 57.5454545 ~14, 4054054 6,15639810 | -1,07073955 .6526 .11
.12 -43,7357454 | 53,0000000 -14,3571429 6,16921132 | ~1,07692308 . 6623 .12
.13 ~39.0441431 | 49,1538462 ~14,3007345 6.18309859 | -1,08306709 L6721 .13
.14 ~36,7010747 | 45.8571429 -14,2631579 6,19626168 | —1.08917197 . 6819 .14
.15 -33,8966729 | 43,0000000 ~14,2173913 6.20930233 | ~1,09523810 .6918 .15
.16 ~31.4485426 | 40,5000000 -14,17241328 6.22222222 | -1,10126582 L7017 .16
.17 -20,2936800 | 38,2941176 -14,1282051 6.23502304 | -1,10725552 L7117 .17
.18 -27.3830864 | 36,3333333 ~14.0847457 6.24770642 | ~1.11320755 .7217 .18
.19 ~25,6780823 | 34.5789474 ~14,0420168 6,26027397 | ~1,11912226 .7318 .19
.20 -24,1477273 | 33,0000000 ~14,0000000 6.27272727 | -1,12500000 7420 .20
.21 -22,7669776 | 31.5714286 —~13.9586777 6.28506787 | -1.,13084112 .7522 .21
.22 -21,5153458 | 30.2727273 -13.9180328 6.29720730 | ~1.13664596 .7625 .22
.23 ~20,3759099 | 29.0869565 -13,8780488 6.30941704 | -1,14241486 .7729 .23
.24 -19,3345707 | 28,0000000 ~13.8387097 6.32142857 | -1,14814815 .7833 .24
.25 -18,3794872 | 27,0000000 ~13, 8000000 6.33333333 | —1,15384615 .7938 .25
.26 ~17.5006419 | 26.0769231 -13,7619048 6.34513274 | -1.15950920 L8043 .26

. .27 ~16,6895034 | 25,2222222 ~13,7244094 6.35682819 | -1,16513761 . 8149 .27
.28 ~15.9387608 | 24.4285714 ~13, 6875000 6.36842105 | -1.17073171 . 8255 .28
.29 -15.2421133 | 23,6896552 -13.6511628 6.37991266 | -1.17629179 . 8362 .29
.30 -14,5941016 | 23,0000000 ~13,6153846 6.39130435 | -~1,18181818 .8470 .30
.31 -13.9899723 | 22.3548387 -13,5801527 6.40259740 | -1,18731118 . 8578 .31
.32 -13,4255675 | 21.7500000 -13,5454545 6.41379310 | ~1,19277108 .8687 .32
.33 ~12,8972345 | 21.1818182 -13.5112782 6.42489270 | -1,19819820 . 8797 .33
.34 -12.4017515 | 20,6470588 -13, 4776119 6.43589744 | -1,20359281 . 8907 .34
.35 ~11,9362660 | 20.1428571 ~13, 4444444 6.44680851 | -1,20895522 .9018 .35
.36 ~11.4982434 | 19.6666667 -13.,4117647 6.45762712 | -1,21428571 .9129 .36
.37 -11,0854240 | 19.2162162 -13, 3795620 6,46835443 | -1,21958457 .9241 .37
.38 -10.6957871 | 18.7894737 -13,3478261 6.47899160 | -1,22485207 .9353 .38
.39 -10.3275199 | 18,3846154 -13.3165468 6,48953975 | -1,23008850 .9466 .39
.40 - 9.97899160 | 18.0000000 ~13,2857143 6.50000000 | -1,23529412 . 9580 .40
.41 - 9.64873143 | 17.6341463 ~13.2553192 6.51037344 | -1.24046921 .9694 .41
.42 ~ 9.33540929 | 17.2857143 -13,2253521 6.52066116 | —1,24561404 .9809 .42
.43 - 9,03781951 | 16,9534884 -13.1958042 6.53086420 | ~1.25072886 .9925 .43
.44 - 8,75486662 | 16.6363636 -13,1666667 6.54098361 | -1.25581395 | 1,004 .44
.45 - B8.48555314 | 16,3333333 -13,1379310 6,55102041 | ~1.26086957 | 1,016 .45
.46 - 8,22806808 | 16,0434783 ~13,1095890 6.56007561 | —-1.26589595 | 1.027 .46
.47 - 7.98428162 | 15,7659574 -13,0816327 6.57085020 | -1,27089337 | 1,039 .47
.48 - 7.75072904 | 15, 5000000 -13.0540541 6.58064516 | -1,27586207 | 1.051 .48
.49 - 7.52761148 | 15,2448980 ~13,0268456 6,59036145 | -1.28080229 | 1,063 .49
.50 - 7,31428571 | 15,0000000 ~13,0000000 6.60000000 | ~1,28571429 | 1,075 .50
.51 - 7,11015941 | 14,7647058 -12,9735099 6.60956175 | -1,29059829 | 1.087 .51
.52 - 6,91468619 | 14.5384615 -12,9473684 6,61904762 -1,29545455 1.099 .52
.53 - 6.72736130 | 14,3207547 -12.9215686 6,62845850 ~1,30028329 1.111 +53
.54 ~ 6,54771774 | 14,1111111 ~12,8961039 6.63779528 | -1.30508475 | 1.123 .54
.55 - 6.37532284 | 13.9090909 ~12, 8709677 6.64705882 | -1,30985915 | 1,136 .55
.56 - 6,20977513 | 13,7142857 -~12.8461538 6.65625000 | -1,31460674 | 1,148 .56
.57 -~ 6.05070166 | 13,5263158 -12,8216561 6.66536965 | —1.31932773 | 1,160 .57
.58 - 5,89775549 | 13,3448276 ~12,7974684 6.67441860 | -1,32402235 | 1.173 .58
.59 ~ 5.75061350 | 13,1694915 -12,7735849 6.68339768 | -1.32869081 | 1.185 .5
.60 - 5,60897436 | 13,0000000 ~12, 7500000 6.69230769 | ~1.33333333 | 1,198 .80
.61 - 5,47255679 | 12,8360656 -12,7267081 6.70114943 | ~1.33795014 | 1.211 .61
.62 - 5.34109788 | 12,6774194 -12,7037037 .70992366 | -1,34254144 | 1,223 .62
.63 -~ 5.21435167 | 12.5238095 -12, 6809816 6.71863118 | ~1,34710744 | 1,236 .63
.64 - 5,09208779 | 12,3750000 ~12, 6585366 6.72727273 | -1.35164835 | 1,249 .64
.65 - 4,97409027 | 12,2307692 ~12, 6363636 6.73584906 | -1.35616438 | 1.258 .65
.66 - 4,86015642 | 12,0908091 ~12.6144578 6.74436090 | -1,36065574 | 1,275 .66
.67 ~ 4,75009588 | 11,9552239 ~12.5928144 6.75280899 | -1,36512262 | 1,288 .67
.68 . |- 4,64372965 | 11.82352904 -12,5714286 6.76119403 -1.36956522 1,301 .68
.69 - 4,54088930 | 11.6956522 -12.5502959 6.76951673 ~1,37398374 1,314 « 69

A dd.d

_ 3p4 _ 34 _ 304 _ 3p4 _ 3p4 _ 4 _¢.4a.¢

4C4 403 4C2 4CI 400 bzf(s)(é) P ¢’ b a
24(a)
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92

FIVE-POINT DIFFERENTIATION COEFFICIENTS

NACA TN 2214

4
3 300 . 3pi =
(D y)x=x':LD3 > i+ aR (i=0.4)
Jj=0 “.'Ella!"'r’
3.0
aa.a 300 300 300 300 300 £
"t cd 4Co L %2 4C3 e bzf‘5’(z)

0,70 - 4,44141621 {11.5714286 ~12.5294118 6.77777778 | ~1,37837838 | 1,327 0.70
W71 - 4,34516083 |11.4507042 ~12.5087719 6.78597786 | ~1.38274933 | 1,340 .71
.72 - 4,25198211 |11.3333533 -12,4883721 6,79411765 =1.38709677 1,354 .72
73 - 4,16174688 [11,2191781 -12.4682081 | 6,80219780 ~1,39142091 1.367 .73
74 - 4,07432930 |11,1081081 -12. 4482759 6.81021898 | -1,39572192] 1.380 .74

]..-.l
.75 - 3.98961039 |11.0000000 -12.4285714 6,.81818182 -1.40000000 1,394 .75 >
.76 - 3.,90747757 {10,8947368 ~12. 4090909 6.82608696 -1,40425532 1.407 .76 t
77 - 3,82782424 |10,7922078 ~12.3898305 6.83393502 | -1.40848806 | 1,421 77 [
.78 - 3,75054938 |10.6923077 ~12.3707865 6,84172662 | -1,41269841 | 1,435 .78
.79 - 3.67555722 |10.5949367 ~12.3519553 6.84946237 | ~1.41688654 | 1,448 W79
.80 - 3.60275689 |10,5000000 -12,3333333 6,85714286 | -1,42105263| 1,462 .80
.81 ~ 3.53206212 |10,4074074 -12,3149171 6,86476868 | -1.42519685| 1,476 .81
.82 - 3.46339092 |10,3170732 -12,29€67033 6,87234043 | -1,42931937 | 1.490 .82
.83 - 3.39666543 |10,2289157 -12.2786885 6,87985866 | —1.43342037( 1,504 .83
.84 - 3.33181151 |10.1428571 -12.2608695 6.88732394 | -1,43750000| 1,518 .84
.85 ~ 3,26875870 |10.0588235 -12,2432432 6.89473684 | -1.44155844 ] 1,532 .85
.86 - 3,20743977 | 9,97674419 | ~12.2258065 6.90209790 | -1.44559586 | 1.546 .86
.87 - 3,14779084 | 9.89655172 | -12.20855682 6,90940767 | -1,44961240( 1,560 .87
.88 -~ 3,08975087 | 9.81818182 | ~12.1914894 6.91666667 | —1.45360825 | 1,574 .88
.89 - 3,03326174 | 9.74157303 | -12.1746032 6.92387543 | -1,45758355| 1,589 .89
.90 - 2,97826795 | 9.66666667 | -12.1578947 6.93103448 | ~1.46153846 | 1.603 .90
.91 ~ 2,92471652 | 9.59340659 | -12.1413613 6.92814433 | -1,46547315| 1.617 .91
.92 - 2,87255685 | 9.52173913 | -12,1250000 6.94520548 | -1,46938776 | 1.632 .92
.93 - 2,82174060 | 9,45161290 | -12.1088083 6.95221843 | -1,47328244 | 1,646 .93
.94 - 2,77222153 | 9.38297872 | -12,0927835 6.95918367 | —-1,47715736{ 1,661 94
.95 - 2.72395544 | 9.31578947 | -12,0769231 6.96610169 | ~1.48101266 | 1.676 .95
.96 -~ 2,67689999 | 9.25000000 | ~12,0€612245 6.97297297 | ~1,48484849 | 1.690 +96
.97 - 2,63101472 | 9,18556701 | -12,0456853 6,97979798 | ~1.48866499 | 1,705 .97
.98 - 2,58626082 | 9,12244898 | -12,0303030 6.98657718 | -1.49246231 | 1.720 .98
.99 -~ 2.542€60112 | 9.06060806 | -12,0150754 6,99331104 | -1,49624060 | 1.735 .99

1,00 - 2,50000000 | 9,00000000 | -12.0000000 7.00000000 | -1,50000000 | 1,750 1,00

1,01 - 2.45842330 | 8.94059406 | ~11.9850746 7.00664452 | -1,50374065 | 1.765 1,01

1,02 - 2,41783826 | 8.88235294 | ~-11,9702970 7.01324503 | ~1,50746269 | 1,780 1.02

1.03 - 2.37821342 | 8.82524272 | -11.9556650 7.01980198 | ~1,51116625 | 1,795 1,03

1.04 - 2.33951860 | 8,76923077 | -11.9411765 7.02631579 | -1,51485149 | 1.810 1.04

1,05 - 2,30172481 | 8,71428571 | -11.9268293 7.03278689 | -1.51851852 | 1.826 1.05

1,06 - 2,096480420 | 8,66037736 |-11.9126214 7.03921569 | ~1.52216749 | 1.841 1,06

1,07 - 2,22872999 | 8.60747664 | -11.8985507 7.04560261 | -1,52579853 | 1,856 1.07

1.08 - 2,19347646 | 8,55555556 |-11.8846154 7.05194805 | —1.52941176 | 1.872 1.08

1.09 - 2,15901885 | 8.50458716 | ~11.8708134 7.05825243 | ~1.53300733 | 1.887 1.09

1.10 - 2,12533336 | 8.45454545 | ~11.8571429 7.06451613 | -1,53658537 | 1.903 1.10

.11 ~ 2,09239707 | 8.40540541 | ~-11.8436019 7.07073955 | —~1,54014599 | 1,919 1,11

1.12 - 2,06018793 | 8,35714286 | -11.8301887 7.07€92308 | -1,54368932 | 1.934 1,12

1,13 - 2,02868470 | 8.30973451 | -11.8169014 7.08306709 | -1,54721550 | 1.950 1.13

1.14 - 1.99786691 | 8,26315789 | ~11.8037383 7.08917197 | -1.55072464 | 1.966 1.14

1.15 - 1,96771486 | 8.21739130 | =11.7906977 7.09523810 | ~1,55421687 | 1,982 1,15

1,16 - 1,93820953 | 8.,17241379 |-=11.7777778 7.10126582 | ~1,55769231 | 1,998 1.16

1,17 - 1,90933261 8.12820513 ~11,7649770 7.107258852 -1,56115108 2.014 1.17

1,18 - 1.88106643 8.08474576 -11,7522936 7.11320755 -1,56459330 2.030 1.18

1,19 -~ 1,85339394 8.04201681 -11,7397260 7.11912226 -1.56801809 2,046 1.19

1.20 - 1.82629870 | 8,00000000 | -11,7272727 7.12500000 | -1,57142857 | 2,062 1.20

1.21 - 1.79976483 7.95867769 -11,7149321 7.13084112 -1,57482185 2,078 1.21

1,22 - 1.,77377699 | 7.91803279 |~-11,7027027 7.13664596 | ~1,57819905 | 2.095 1.22

1.23 - 1,74832040 | 7.87804878 |-11,6905830 7.14241486 | -1,58156028 | 2,111 1.23

1.24 - 1,72338073 | 7.83870968 |-11.6785714 7.14814€15 | -1,58490566 | 2.127 1,24

1.25 ~ 1,69894420 | 7.80000000 |-11,6666667 7.15384615 | -1.58823529 | 2.144 1.25

1.26 —~ 1.67499741 | 7.76190476 | -11.6548673 7.15950920 | ~1,59154930 | 2.160 1.26

1.27 - 1.65152748 | 7.72440945 |~11.6431718 7.16513762 | ~1,59484778 | 2.177 1.27

1.28 ~ 1,62852192 | 7.68750000 |~—11.6315789 7.17073171 | ~1.59813084 | 2,194 1.28

1.29 - 1,60596865 | 7.65116279 |-11.6200873 7.17629179 | ~1,60139860 | 2.210 1,29

3_4
E
_ 304 _ 3pa4 _ 3pa 34 3n4 _ ddd
C C C - =C - °C _d d_
474 473 472 471 470 b2f(5i5) p"c’b‘a
24(b)




1411

NACA TN 2214

FIVE-PQINT DIFFERENTIATION COEFFICIENTS

4
3 1 300y, 3nij i=
O yheox, =150 6] vj + R (i=1,3)
j=0 < l |
3!

_3aa 3nl 301 301 301 301 S A

=5ca o £ 5 05 L. v2£%he)

0.10 ~50,2723084 59.0000000 | -13,3636364 | ,5,57142857 | —0,935483871 | 0.5200 0.10
W11 -44,9307836 53,5454545 | -13,2162162 | 5.53080569 |- ,929260450 | .5170 11
.12 ~40,4960605 49,0000000 | -13,0714286 | 5,49056604 | - ,923076923 .5140 .12
.13 ~36,7584139 45,1538462 | -12,9292035 | 5,45070423 | - ,916932907 25110 .13
.14 ~33.5680561 41.8571429 | -12,7894737 | 5,41121495 |- ,910828025 .5080 .14
.15 -30,8151572 39,0000000 | ~12,6521739 | 5,37209302 |- .904761905 5050 .15
.16 -28.4173578 36,5000000 | -12,5172414 | 5,33333333 |- .898734177 .5020 .16
.17 -26,3116886 34,2041176 | -12,3846154 | 5,20493088 |- .892744279 4990 .17
.18 -24,4491843 32,3333333 | -12,2542373 | 5,25688073 |~ 886792453 .4960 .18
.19 ~22.7911973 30,5789474 | -12,1260504 5.21917808 |- ,880877743 04930 .19
.20 —-£1,3068182 29,0000000 | -12,0000000 | 5.18181818 |- ,875000000 4900 .20
.21 ~19.9710330 27,5714286 | =11,8760331 | 5,14479638 |- .869158879 .4870 .21
.22 ~18,7633830 26.2727273 | -11.7540984 | 5.10810811 |- .B863354037 4840 .22
.23 -17.6669739 25,0869565 | -11,6341463 5.,07174888 |- 857585139 4810 .25
.24 -16,6677334 24,0000000 | -11,5161290 | 5.03571429 |- .851851852 4780 .24
.25 -15.7538462 23,0000000 | ~11,4000000 | 5,00000000 |- 846153846 «4750 .25
.26 -14,9153198 22.0769231 | ~11,2857143 | 4,96460177 |- .840490798 | .4720 .26
.27 -14,1436469 21,2222222 | -11.1732284 4,92951542 |- 834862385 4690 .27
.28 ~13.4515400 20,4285714 | -11,0625000 | 4,89473684 |- ,820268203 4660 .28
.29 ~12.7727206 19.6896552 | -10,9534884 | 4,86026201 |- .823708207 +4630 .29
.30 ~12,1617513 19,0000000 | -10,8461539 | 4.82608696 |- .818181818 .4600 .30
W31 ~11.5938997 18,3548387 | -10,7404580 | 4.79220779 |- .B812688822 +4570 .31
.32 -11.0650282 17.7500000 | -10,6363636 | 4,75862069 |- .807228916 .4540 .32
.33 ~10.5715037 17,1818182 | -10,5338346 | 4.72532189 |- .801801802 .4510 .33
.34 -10.1101235 16.6470588 | -10,4328358 | 4,69230769 |- 796407186 4480 W34
.35 - 9.67805352 16.1428571 | -10,3333333 4.65957447 |- 791044776 44450 .35
.36 - 9.27277692 15,6666667 | -10.2352941 | 4,62711864 |- ,785714286 «4420 .36
.37 - 8,89205136 | 15.2162162 | -10,1386861 | 4,59493671 |- .780415430 | .4390 W37
.38 - 8,53387272 14.7894737 | -10,0434783 | 4,56302521 |- 7751479290 4360 .38
.39 - 8,19644436 14,3846154 | - 9,54964028 | 4.53138075 |- 769911504 4330 .39
.40 - 7.87815126 14,0000000 | - 9,85714284 | 4,50000000 |- .764705882 .4300 .40
.41 - 7.57753776 | 13,6341463 | - 9,76505745 | 4.46887967 |- .759530792 .4270 W41
.42 - 7.26328854 13.2857143 | - 9,67605633 | 4.43801653 |- ,754385965 .4240 .42
.43 - 7.02421206 | 12,9534884 | - 9.58741260 | 4.40740741 |- .749271137 .4210 43
44 - 6,76922676 12.6363636 | — 9,50000000 | 4.37704918 |- ,744186047 .4180 44
.45 - 6.52734857 12.3333333 | - 9.41379310 | 4,34693678 |- .739130435 | 4150 .45
.46 ~ £.29768026 12.0434783 | - 9.32876712 | 4.31707317 |- .734104046 | .4120 .46
.47 ~ 6.07940225 11.7659574 | - 9.24489796 | 4.28744939 |- .729106628 | .4090 .47
.48 - 5.87176442 11,5000000 | - 9.16216216 | 4.25806452 |- .724137931 . 4060 .48
.49 - 5.67407900 11.2448980 | ~ 9.08053691 | 4.22891566 |- .719197708 | . 4030 .49
.50 - 5.48571429 11,0000000 | - 9,00000000 | 4.20000000 |- .714285714 . 4000 .50
.51 - 5.30608911 10,7647058 | - 8,92052980 | 4,17131474 |- .709401709 3970 .51
.52 = 5.13466797 10.5384615 | - 8.84210526 | 4,14285714 |~ .704545455 3940 .52
.53 - 4.970956€3 10,3207547 | - 3,76470588 | 4.11462451 |~ .699716714 3910 .53
.54 - 4,£1449834 10.1111111 | - 8.68831169 | 4,08661417 |~ .604915254 | .3880 -
.55 - 4,66487037 9.90909091| - 8,61290323 | 4,05882353 |- ,590140845 .3850 .55
.56 - 4,52168092 9.71428571| - 8,53846154 | 4,02125000 |- .685393258 .3820 .56
.57 - 4,30456642 9.52631579| - £,46496815 | 4.00389105 |- .680672269 3790 T57
.58 - 4.25318905 9.34482759| - 8,3924050€ | 3.97674419 |- ,675977654 L3760 .58
.59 - 4,12723457 9.16949153| - 8,32075472 | 3,94980695 |- .671309192 . 3730 .59
.60 - 4,00641026 9.00000000| = 8,25000000 | 3.S2307692 |~ .666666667 3700 .60
61 ~ 3.89044321 8.83606557| - 8,18012422 | 3.89655172 |- .662049861 3670 .61
.62 - 3.77907869 8.67741935| - 8,11111111 | 3.87022901 |- ,657458564 L3640 Te2
.63 - 3.67207864 8.52380952| ~ 8,04204480 | 3,84410646 |- ,6520802562 .3610 .63
.54 - 3.56922041 8.37500000| - 7,97560977 | 3.81818182 |- .548351648 .3580 .64
.65 - 3.47029554 8,23076923| - 7,90909092 | 3,79245283 |- ,643835616 . 3550 .65
.66 - 3,37510863 £.09090909| - 7.84337349 | 2,7€591729 |- .639633262 3520 .66
.67 - 3.28347642 7.95522388| - 7.77844311 | 3,74157302 |~ .634877384 3490 .67
.68 - 3.19522683 7.82352941| - 7,71428571 | 3,71641791 |- .630434783 .3460 .68
.69 - 3.11019815 7.69565217] - 7,65088758 | 3.69144981 |- .626016280 3430 .69

33
3.3 3 3.3 3.3 3 — ddd
- 3G - 4C§ -G - € - 4C3 %% | PTha

25(a)




FIVE-POINT DIFFERENTIATION COEFFICIENTS

NACA TN 2214

4
3 3¢i y. + 3Ri i=
(0 Y)x=x| =l§ ;Z: ACj Yj M 4R (i=1.3)
b <
j=0 ii"‘l!li:'"'rf
3.4
raaa 301 301 3¢ 301 30! > ti’
bcd 470 41 472 473 474 LAt
0.70 - 3,02823832 7.57142857 - 7.58823528 3,66666667 | -0,621621622 0, 3400 0,70
71 - 2,94920418 7.45070423 - 7.52631879 3.64206642 |- ,617250674 3370 .71
72 - 2,87296089 7.33333333 - 7.46511627 3,61764706 |~ .612903226 . 3340 .72
<73 - 2,79938131 7.21917808 - 7.40462427 3.59340659 |- .608579088 .3310 T3
.74 - 2,72834551 7.10810811 - 7.34482768 3,56934307 |~ .604278075 3280 .74
.75 ~ 2,65974026 7.00000000 - 7.,28571429 3,54545455 |~ 600000000 +3250 .75
.76 - 2,59345866 6,89473684 - 7,22727273 3.52173913 |~ ,595744681 . 3220 .76 -
«77 - 2,52939928 6,79220779 - 7,16949163 3.49819495 |- ,591511936 3190 .77 3
.78 - 2,48746670 6.69230769 | — 7.11235956 | 3.47482014 |- 587301587 .3160 .78 I
.79 -~ 2,40757023 6.50493671 | — 7.05586593 | 3.45161290 |- .583113456 .3130 .79 -
.80 -~ 2.34962406 6.50000000 | =~ 7.00000000 | 3.42857143 |- ,578947368 . 3100 .80
.81 - 2,29354683 6.40740741 | — 6.94475138 | 3,40569395 |~ .574803150 3070 .81
.82 ~ 2,23926137 6.31707317 | - 6.89010989 | 3.38297872 |- .570680628 . 3040 .82
.83 ~ 2.18669449 6.22891566 | - 6,83606557 | 3.%6042403 |~ .566579634 .3010 .83
.84 - 2,13577661 6.14285714 | - 6,78260870 | 3,33802817 |- .562500000 .2980 .84
.85 -~ 2.08644172 6.05882353 | — 6.72972973 | 3.31578947 | - .558441558 .2950 .85
.86 ~ 2,03862697 5.97674419 | — 6,67741935 | 3.29370629 | - .554404145 .2920 .86
.87 - 1.99227268 5.89655172 | — 6.62566845 | 3.27177700 | - .550387597 .2890 .87
.88 - 1.94732198 5.81818182 | — 6.57446809 | 3.25000000 | - .546391753 .2860 .88
.89 ~ 1,90372076 5.74157303 | - 6.52380952 | 3.22837370 |~ .542416452 .£2830 .89
.90 - 1.86141747 5.66666667 | — 6.47368421 | 3.20689655 |~ ,538461538 .2800 .90
.91 ~ 1,82036298 5.50340659 | — 6,42408377 | 3.18556701 | - ,534526854 .2770 .91
.92 ~ 1.78051045 5.52173913 | ~ 6.37500000 | 3,16438356 | - ,530612245 .2740 .92
.93 - 1.74181519 5.45161200 | ~ 6,32642487 | 3.14334471 | - .526717557 .2710 .93
.94 - 1,70423455 5,38297872 | - 6.27835052 | 3.12244898 | - ,522842640 .2680 .94
.95 - 1,66772782 5.31578947 | - 6,23076923 | 3.10169492 | - .518987342 .2650 .95
.96 - 1,63225609 5.25000000 | ~ 6.18367347 | 3.,08108108 | -~ .515151515 L2620 .96
.97 - 1.59778222 5.18556701 | — 6.13705584 | 3,06060606 | - ,511335013 .2590 .97
.98 - 1.56427066 5.12044808 | — 6,09090909 | 3,04026846 | — ,507537688 .2560 .98
.99 - 1.53168742 5.06060606 | - 6,04522613 | 3.02006689 | — ,503759398 .2530 .99
1.00 =~ 1,50000000 5,00000000 | - 6,00000000 | 3.00000000 | = 500000000 .2500 1,00
1.01 - 1.46917727 4.94059406 | ~ 5.95522388 | 2,98006645 | - , 496259352 .2470 1,01
1.02 - 1,43918944 4.88235294 - 5,91089109 2.96026490 | ~ , 492537313 .2440 1.02
1,03 - 1,41000796 4,82524272 | - 5.86699507 | 2.94059406 | — .488833747 .2410 1,03
1,04 ~ 1.38160547 4.76923077 | - 5.82352941 | 2.92105263 | - .485148515 .2380 1,04
1,05 - 1.35395577 4,71428571 | - 5.78048780 | 2.90163934 | ~ .481481481 .2350 1,05
1.06 ~ 1,32703371 4.66037736 | - 5.73786408 | 2.88235294 | - ,477832512 .2320 1,06
1,07 - 1.30081517 4.60747664 | — 5.69565217 | 2.86319218 | - , 474201474 .2290 1.07
1.08 - 1.27527701 4,55555556 | — 5.65384615 | 2.84415584 | ~ . 470588235 .2260 1.08
1,09 - 1.25039702 4.50458716 | - 5,61244019 | 2.82524272 | - , 466992665 .2230 1.09
1.10 - 1.22615386 4,45454545 | — 5,57142857 | 2.80645161 | ~ . 463414634 .2200 1.10
1.11 - 1.20252706 4.40540541 | - 5,53080569 | 2.78778135 | — .459854015 .2179 1.11
1.12 ~ 1.17949691 4.35714286 | — 5.49056604 | 2.76923077 | - , 456310680 .2140 1.12
1.13 ~ 1.15704451 4.30973451 | - 5.45070423 | 2.75079872 | - .452784504 .2110 1,13
1.14 - 1,13515164 4.26315789 | — 5.41121495 | 2.73248408 | - , 449275362 .2080 .14
1.15 - 1.11380086 4.21739130 | ~ 5.37209302 | 2.71428571 | - .445783132 .2050 1.15
1.16 - 1.09297530 4.17241379 | — 5.33333333 | 2.69620253 | ~ . 442307692 .2020 1.16
1.17 - 1,07265877 4,12820513 | - 5.29493088 | 2,67823344 | ~ .438848921 .1990 1.17
1.18 - 1.05283569 4.08474576 | - 5,25688073 | 2,66037736 | — .435406699 .1960 1,18
1.19 - 1.03349105 4,04201681 | - 5.21917808 | 2.64263323 | - . 431980907 .1930 1,19
1.20 - 1.01461039 4,00000000 | - 5,12181818 | 2,62500000 | —~ .428571429 . 1900 1.20
1.21 ~ .996179794| 3.95867769 | - 5.14479638 | 2.,60747664 | - 425178147 .1870 1.21
1,22 - .978185841| 3.9180327¢ | - 5,10810811 | 2.59006211 | — , 421800948 .1840 1.22
1,23 —  .960615603| 3.87804878 | - 5,07174888 | 2.57275542 | — , 418439716 .1810 1.23
1.24 ~  .943456607 | 3.83870968 | — 5.03571429 | 2.55555555 | - 415094340 . 1780 1.24
1.25 ~  ,026606834| 3,80000000 | = 5,00000000 | 2.53846154 | - 411764706 L1750 1.25
.26 ~ .010324679| 3.76190476 | - 4.96460177 | 2.52147239 | - . 408450704 .1720 1.26
1.27 -  .B94328962 | 3.72440945 | - 4,92951542 | 2,50458716 | ~ , 405152225 .1690 1.27
1.28 — .878698876| 3.68750000 | - 4.89473684 | 2.48780488 | ~ 401869159 .1660 1.28
1.29 - .B863424004 3.65116279 - 4,86026201 2,47112462 | - ,398601399 1630 1.29
33 ’
- 5c5 - 3c3 - 3¢3 - 305 - 303 4 d.d
474 43 472 471 470 2,.(51, -4.4.¢ -
b2 ° )| Pcp
25(b}
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NACA IN 2214

FIVE-POINT D!IFFERENTIATION COEFFICIENTS

4
(D y)»,(:x‘:%}. > iCJ! yj + 2RI

(i=2)

302 302 302 302 2E2
~aaa 302 —_—
=p=cd Lo 3 4C2 4C3 L p25'°" (g)

0.10 -16,7574361 |19.0000000 |-2,45454545 |{-0,142857143 | 0.354838710| -0.1600 0.10
.11 -14,9769279 |17.1818182 | -~2.40540541 |- .156398104 ,356913183) - ,1610 .11
12 -13,4986868 |15.6666667 |~-2,35714286 | - .169811321 . 358974359 - ,1620 .12
«13 -12.2528046 |14,3846154 |-2,30973451 |- .183098692 .361022364| - .1630 .13
.14 -11,1893520 |13.2857143 |-2.26315789 |~ .196261682 . 363057325 -~ .1640 .14
.15 -10,2717191 |[12,3333333 |-2.21739130 | - .209302326 .365079365| ~ .1650 15
16 - 9,47245266|11.5000000 |-2,17241379 |- .222222222 . 367088608, - .1660 »16
<17 - 8,77056288(10,7647059 |-2,12820513 |- .235023042 369085174 - .1670 <17
.18 - 8,14972810{10.1111111 |-2,08474576 |~ .247706422 . 371069182 | ~ .1680 .18
«19 - 7.59706576| 9.52631579|-2,04201681 |- 260273972 .373040752| - .1690 .19
«20 - 7.10227272| 9,00000000|~-2,00000000 |- ,272727272 . 375000000 - 1700 «20
«21 - 6,65701100| 8,52380952|-1,95867769 |- .285067874 »376947040| - ,1710 21
.22 - 6.25446100| 8.09090909|-1,91803279 |- .297297298 .378881988| - ,1720 .22
23 - 5.88899130| 7.69565217| ~1,87804878 |- ,309417040 . 580804954 -~ .1730 «23
.24 - 5.55591114| 7.33333333|-1,83870968 |~ .321428572 . 382716049 | - .1740 .24
25 - 5,25128206| 7,00000000(-~1,80000000 |- (333333334 .384615385| - 1750 25
.26 - 4,97177326| 6,69230769|=-1,76190476 |~ .345132744 386503067 | - ,1760 «26
27 - 4,71454897| 6.40740741(~1,72440945 |- .356828194 388379205 - 1770 .27
«28 - 4,47718000| 6,14285714(~1,68750000 |- ,368421052 .390243902 | - .1780 .28
.29 - 4,25757354| 5.89655172|-1,65116279 |- 379912664 392097264 - ,1790 «29
«30 - 4,05391710| 5,66666667|~1,61538462 |- ,391304348 393939394 - ,1800 +30
«31 - 3.86463322| 5.45161290(-1.58015267 |~ .402597402 .3956770393 | ~ ,1810 «31
32 - 3,68834272| 5,25000000(-1,54545455 |- .413793104 . 397590361 | - ,1820 .32
«33 - 3.52383456| 5,06060606 -1,51127820 |- ,424892704 . 399399399 - .1830 33
34 ~ 3.37004116| 4.88235294|-1,47761194 |- .435897436 . 401197605 | ~ .1840 o34
35 -~ 3.,22601784| 4,71428571|-1,44444444 |~ .446808510 . 402985075 | - ,1850 +35
«36 ~ 3.09092564| 4,55555556(~1,41176471 |- .457627118 | ,404761905| - .1860 36
37 - 2,96401712| 4.40540541|-1,37956204 |-~ ,468354430 »406528190 | -~ .1870 «37
«38 - 2.84462424| 4,26315789-1,34782609 |- .478991597 .4082684024 | ~ ,1880 «38
«39 - 2,73214812 4,12820513|-~1,31654676 |~ .489539748 410029499 | ~ ,1890 39
+40 - 2,62605042| 4,00000000(~1,28571429 |- 500000000 411764706 | ~ ,1900 «40
<41 - 2,52584592 | 3.87804878 -1,25531915 |- ,510373444 »413489736 | - ,1910 .41
.42 - 2,43109618] 3,76190476(<1,.22535211 |- .520661158 . 415204678 | - .1920 .42
«43 - 2.34140402 3.65116279(-1.19580420 |- .530864198 . 416909621 | - ,1930 43
.44 - 2,25640892 | 3.54545455|-1,16666667 |- ,540983606 418604651 | - 1940 .44
45 - 2,17578286| 3.44444444|-1.13793103 |- .551020408 .420289855 | ~ ,1950 +45
+46 - 2,09922675| 3.34782609|-1,10958904 |- .560975610 . 421965318 | - .1960 .46
«47 - 2,02646742 3,25531915(-1,08163265 |- .570850202 423631124 | - ,1970 .47
.48 - 1,95725481| 3.16666667 -1,05405405 |- .580645161 . 425287356 | - .1980 .48
«49 - 1,89135967| 3,08163265|-1,02684564 |~ ,590361446 . 426934097 | - .1990 .49
«50 - 1,82857143| 3.00000000|~1.00000000 |- .600000000 .428571429 | - ,2000 +50
«51 - 1,76869637 | 2,92156863|~ ,973509934|~ ,609561753 . 430199430 - .2010 «51
.52 - 1,71155599| 2.84615385|- ,947368421|~ .619047619 .431818182 | - ,2020 52
+53 - 1.65698554] 2,77358491|- ,921568627| - ,628458498 «433427762 | -~ .2030 53
«54 - 1,60483278| 2,70370370|~ .B896103896|~ .637795276 . 435028249 | - ,2040 .54
55 - 1,55495679| 2.63636364 ~ ,870967742|- 647058823 .436619718| - ,2050 +«55
+«56 - 1,50722697 | 2,57142857 |~ .846153846|~ ,656250000 . 438202247 | - ,2060 « 56
57 - 1.46152214| 2,50877193 |~ ,821656051| - .665369650 . 439775910 -~ ,2070 «S7
.58 - 1,41772968 | 2,44827586 |- ,797468354| - ,674418605 441340782 | - ,2080 +58
+«59 - 1.37574486 2,38983051 - ,773584906|~ ,683397683 . 442896936 | - .2090 «59
«60 - 1,33547009 | 2.33333333|~ .750000000|~ .692307692 444444444 | - ,2100 « 60
+«61 ~ 1.29681440| 2,27868852 |~ ,726708075|~ ,701149425 .445983380 | - ,2110 +61
«62 - 1.25969290 | 2,22580645|- ,703703704|~ ,709923664 . 447513812 | - ,2120 .62
«63 - 1,22402621 | 2,17460317 |- ,680981595 |~ 718631179 +449035813 | - ,2130 +63
«64 - 1,18974014! 2,12500000|- ,658536585(~ ,727272727 » 450549450 | - ,2140 .64
+ 65 - 1.15676518| 2,07692308|~ ,636363636|~ ,735849057 . 452054793 | -~ .2180 .65
«66 - 1.12503621 | 2,03030303 |- ,614457831 - ,744360902 .453551913 | - .2160 .66
«67 - 1,09449214} 1,98507463 |~ ,592814371 |- .752808989 « 455040873 | - .2170 .67
+68 - 1,06507561 | 1.94117647 |- ,571428571|~ ,761194030 . 456521740 - .2180 +68
« 69 - 1.03673272 | 1,89855072 |~ .550295858 - ,769516729 . 457994580 | - ,2190 «69

3.2
E
_ 32 _ 302 . 302 _ 3p2 _ 3c2 4
204 4C3 4c2 4C| 4Co b2f(5)(E) D:g—d=g

26(a)
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FIVE-POINT DI FFERENTIATION COEFFICIENTS

NACA TN 2214

4
3 = 3ct . 301 i=
(0 yex, 753 2, 2} vy + R (i=2)
j=0 VW’
i

_aaa 302 302 302 302 302 5

=pcd 4co 4C | 402 4C3 4c4 bzf(m (&

0.70 - 1,00941277 [1.85714286 —0.5294}1765 [20.777777778 | 0.459459460 | -0,2200 0,70
.71 -~  .983068060 [1.81690141 |- .508771930 |- .785977860 . 460916443 —~ .2210 .71
72 —  .957653630 |1.77777778 |- .488372093 - .794117647 . 462365590 | ~ .2220 .72
.73 - .933127104 |1.73972603 |- .468208092 - . 802197802 . 463806970 | ~ ,2230 .73
.74 - .009448504 |1,70270270 |- .448275862 810218978 465240640 | ~ ,2240 .74
75 ~ .B886580086|1,.66666667 - .428571420 ~ .818181818 . 466666667 | - .22560 .75
.76 ~  .864486188(1.63157895 [~ . 409090909 |~ .826086957 .468085107 | ~ .2260 .76
o 77 - .B43133092 [1.59740260 [~' .389830508 \~ 833935018 . 469496020 | - .2270 77
.78 -~ .822488900 |1.56410256 ~ .370786517 ~ . 841726619 . 470899470 | - .2280 .78
79 -~  .B802523410 [1.53164557 |~ .351955307 |~ . 849462366 . 472295513 | —~ .2290 .79
.80 —  .783208020 |1,50000000 |~ .333333333 - .857142857 .473684211 | ~ ,2300 .80
.81 -  .764515610 |1,46913580 [ .314917127 |- .B64768683 . 475065617 | - ,2310 .81
.82 —~ 746420456 |1.43902439 |- 296703297 |~ . B72340426 . 476439791 | - ,2320 .82
83 -~ ,728898162 |1.40963855 |- 278688525 - . 879858657 . 477806789 | — .2330 .83
.84 -~ .711925536 |1.38095238 |~ .260869565 |~ .887323944 . 479166667 | - .2340 .84
+85 -~ .695480574{1.35294118 |~ .243243243 ~ . 894736842 . 480519481 | -~ .2350 .85
.86 —~  .679542324 |1.32558140 |~ ,225806452 |~ . 902097902 .481865285 | ~ .2360 .86
87 - 664090894 |1.29885057 I~ .208556150 -~ . 909407666 . 483204134 | - .2370 .87
.88 ~  .649107326 |1,27272727 - .191489362 1~ .916666667 . 484536082 | — .2380 .88
.89 ~ ,634573587 |1.24719101 |- .174603175 - . 923875433 .485861183 | — 2390 .89
.90 -  .620472490 |1.22222222 - .157894737 ~ .931034483 .,487179487 | — .2400 .90
.91 - 606787660 |1,19780220 ~ .141361257 ~ ,938144330 . 488491049 | - .2410 .91
.92 - 593503482 |1,17391304 |~ . 125000000 ~ . 945205479 . 489795918 | - .2420 .92
.93 - 580605063 (1.15053763 |- .108808290 ~ .952218430 .491094148 | — .2430 .93
.94 - 568078182 |1.12765957 |- ,0927835051~ .959183673 .492385787 | — .2440 .94
+95 -~  .555909274 |1,10526316 | 0769230769~ .966101695 .493670886 | — ,2450 .95
«96 ~  .544085364 {1,08333333 |~ .0612244897- ,972972973 . 494049495 | — .2460 .96
.97 —  .532504074|1.06185567 ~ .0456852792~ . 979797980 . 496221662 | - .2470 «97
.98 ~  .521423552 !1,04081633 |~ ,0303030303- .986577181 .497487437 | - .2480 .98
.99 ~ 510562474 |1.02020202 |- 0150753769 .993311037 | .498746867 - .2490 .99

1.00 -~ ,500000000 |1, 00000000 | © EI.OOOOOOOO . 500000000 | — .2500 1.00

1,01 —  .489725758| .98019802Q0 .0149253731~1.00664452 .501246883 | - .2510 | 1.01

1.02 —  .479729814| .960784314 .0297029703-1.01324503 .502487562| - .2520 | 1,02

1.03 ~  ,470002652| ,941747573 .0443349754~1.01980198 .503722084 | ~ ,2530 | 1.03

1,04 —  .460535158| .923076923 .0588235294~1,02631579 .504950495| - .2540 1.04

1.05 —  .451318590| ,904761909 .0731707317-1.0327R689 506172839 - ,2550 1.05

1,06 ~  .442344570| .886792453 .08737686408-1.03921569 .507389163| ~ ,2560 1,06

1.07 ~ .433605056| .869158879 ,101449275 [-1.04560261 .508599509( ~ .2570 1,07

1,08 ~ .425092336| ,851851852 ,115384615 (~1,05194805 . 509803922 ~ .2680 1.08

1,09 —  L,416799006| .B834862385 .129186603 |-1,05825243 .511002445| -~ .2590 1,09

1,10 - ,408717954| .81818181f ,.142857143 [-1.06451613 .512195122 | - 2600 1.10

1.11 -  .400842352 | ,801801802 .156398104 ~1,07073955 513381995 | — .2610 1.11

1.12 -~ L39316F336| .785714286/ .169811321 -1.07692308 .514563107 | -~ .2620 1.12

1.13 - ,385681502 | .769911504| .183098592 ~1,08306709 .515738499 | - .2630 1.13

1,14 - .378383885| ,754385965 .196261682 ~1.08917197 516908213 | - .2640 1.14

1.15 - 371266955 | .739130435 .209302326 ~1,09523810 .518072289 | ~ .2650 1.15

1,16 —  .364325099 | .724137931 222222222 |-1,10126582 .519230769 | ~ .2660 1.16

1,17 ~ .357552024 | ,709401709 .235023041 |-1.10725552 .520383693 1 - .2670 1.17

1.18 - .350045229 | .694915254 .247706422 -1.11320755 .521531100 | -~ .2680 1,18

1.19 ~  .344497016 | ,680672269] ,260273973 ~1,11912226 522673031 | - .2690 1.19

1,20 -~ 338203463 | .666666667 .272727273 ~1,12500000 .523809524 | - ,2700 1.20

1.21 -~ 332059932 | .652802562] .285067873 -1.13084112 . 524940618 | ~ .2710 1.21

1,22 ~ 326061947 | 639344262 ,297297297 -1.13664596 .526066351 | = .2720 1.22

1.23 -  .320205201 | .626016260 ,309417040 -1,14241486 .527186761 | - ,2730 1.23

1.24 -~ .314485536 | .612903226/ .321428571 (-1.14814815 .528301887 | — .2740 1.24

1.25 - .308898945 | .600000000 .333333333 |-1.15384615 .529411765 | - 2750 1.25

1.26 ~  .303441560| .587301587 .345132743 ~1.15950920 .530516432 | - .2760 1.26

1.27 —  .298109654 | .574803150| .356828194 |~1,16513761 531615925 ~ ,2770 1,27

1.28 —  .292899625| .562500000 ,368421053 |-1.17073171 532710280 | - .2780 1.28

1.29 - .287808001| .550387597 .379912664 -1.17629179 .533799534 | ~ ,2790 1.29

32
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NACA TN 2214

¥
FIVE-POINT DIFFERENTIATION COEFFIC'ENTS
3 4
3 I 300 . 3ni i=
(D Y)x=x,=53 }: 4CJ. yj + R (i=3,1)
=0
:NACA;’—
303 3 iE}

_aada 3 303 343 303 R

=btd 2Co & A% C3 L o2 ()

0,10 16,7574361 ~21.0000000 |8,45454545 ~5.85714286 1.64516129 0.1600 0.10
.11 14,9769279 -19,1818182 |8,40540541 -5.84360189 1.64308682 . 1610 <11
.12 13.4986868 ~17.6666667 [8,35714286 -5,83018868 1.64102564 .1620 .12
13 12.2528046 -16,3846154 |8.30973451 .| ~§.81690141 1.63897764 .1630 .13
.14 11.1893520 -15.,2857143 |8.26315789 ~5.80373832 1.63694268 .1640 .14
.15 10.2717191 -14,3333333 |8,21739130 =5,79069767 1.63492063 + 1650 .15
.16 9,47245266 | ~13,5000000 |8.17241379 =5.777177778 1.63291139 1660 .16
«17 8,77056288 | ~12,7647059 |8,12820513 ~5,76497696 1.63091483 .1670 +17
.18 8.14972810 | -12.1111111 |8,08474576 ~5,75229358 1.62893082 .1680 .18
.19 7.59706576 |[-11.5263158 |8,04201681 -5.73972603 1.62695925 1690 .19
.20 7.10227272 | -11,0000000 (8.00000000 =5,72727273 1.62500000 1700 .20
+21 6.,65701100 | -10.5238095 |[7.95867769 -5,71493213 1.62305296 .1710 .21
.22 6.25446100 |-10,0909091 |7,91803279 ~5,70270270 1.62111801 .1720 .22
.23 5.88899130 |~ 9.69565217 |7.87804878 ~5,69058296 1.61919505 . 1730 23
.24 5.,55591114 |- 9.333333337.83870968 ~5,67857143 1.61728395 .1740 .24
«25 5.25128206 | - 9,00000000 7,80000000 -5,66666667 1,61538462 .1750 .25
.26 4.97177326 |- 8,69230770,7.76190476 -5,65486728 1.61349693 . 1760 .26
.27 4.71454897 |- 8.,407407417.72440945 ~5.64317180 1.61162080 1770 .27
.28 4,47718000 |-~ 8.14285714|7.68750000 -5,63157895 1.60975610 1780 .28
.29 4,25757354 |- 7.89655172|7.65116279 ~5.62008734 1.60790274 +1790 +29
+30 4,05391710 |~ 7,66666667 |7.61538462 -5, 60869565 1,60606061 . 1800 « 30
.31 3,86463322 |~ 7.45161290 |7.58015267 -5.59740260 1.60422961 .1810 31

- .32 3.68834272 |- 7.25000000|7.54545455 -5.58620690 1,60240964 .1820 .32
«33 3.52383456 [~ 7.06060606(7.51127820 ~5.57510729 1.60060060 .1830 « 33
«34 3.37004116 |— 6,88235294(7.47761194 -5,56410256 1.59880240 +1840 34
« 35 3.22601784 |~ 6,71428571 |7.44444444 ~5.55319149 1.59701492 .1850 +«35
e 36 3,09002564 [~ 6,£5555556|7,41176471 ~-5,54237288 1,59523810 - . 1860 .36
‘ 37 2.96401712 |~ 6,40540541 |7.37956204 -5.53164557 1.59347181 .1870 .37
.38 2.84462424 |- 6.26315789|7,34782609 -5.52100840 1.59171598 .1880 .38
«39 2,73214812 |~ 6,12820513{7.31654676 =5.51046025 1,58997050 . 1890 39
.40 2.62605042 |~ 6,00000000)7,28571429 -5.50000000 1.58823529 «1900 . 40
.41 2,.52584592 |- 5,87804878(7.255631915 ~5.48962655 1,58651026 .1910 «41
.42 2.43109618 |- 5.76190476|7.22535211 -5.47933884 1,58479532 .1920 .42
.43 2,34140402 |~ 5,65116279|7.19580420 =5.46913580 1, 58309038 1930 .43
.44 2.25640892 |- 5.54545455|7,.16666667 -5,45901640 1.58139535 «1940 .44
.45 2.,17578286 |~ 5.,44444444|7.13793103 -5, 44897959 1.57971014 » 1950 +45
.46 2,09922675 |- 5.34782609 |7,10958904 =5.43902439 1.57803468 . 1960 .46
.47 2.,02646742 |- 5.25531915|7,08163265 -5.42914980 1.57636888 1970 .47
.48 1.95725481 (- 5.16666667 |7.05405405 ~5.41935484 1.57471264 +1980 .48
+ 49 1.89135967 |~ 5.0B1632657.02684564 -5, 40963855 1, 57306590 +1990 49
.50 1,82857143 |-~ 5,00000000 |7.00000000 ~5, 40000000 1.57142857 2000 .50
.51 1.,76869637 |- 4.92156863 |6.97350993 -5,39043285 1,56980057 +2010 .51
.52 1,71155599 |~ 4,84615385 (6.94736842 ~5.38095238 1.56818182 .2020 .52
53 1,65698554 |~ 4,77358491 |6,92156863 -5.37154150 1.56657224 .2030 «53
.54 1.60483278 |~ 4.70370370 |6.89610390 -5.36220472 1.56497175 2040 .54
.55 1.55495679 |~ 4,63636364 {6.87096774 -5,35294118 1,56338028 +2050 +55
+56 1.50722697 |- 4.57142857 |6,84615385 =5,34375000 1.56179775 +2060 +«56
.57 1.46152214 |- 4,50877193 16.82165605 ~5.33463035 1.56022409 .2070 «57
.58 1.41772968 |~ 4,44827586 [6,79746835 -5,32558140 1.55865922 .2080 .58
.59 1,37574486 |~ 4,38983051 (6,77358491 ~5.31660232 1,55710306 +2090 .59
« 60 1.33547009 |- 4,33333333 |6.75000000 -5,.,30769231 1.,55555556 +2100 « 60
.61 1.29681440 |-~ 4,27868852 {6,72670807 -5.29885058 1,55401662 2110 .61
. 62 1.25969290 |- 4,22580645 (6,70370370 -5,29007634 1.55248619 .2120 .62
+63 1.22402621 |- 4,17460317 |6,.68098160 -5.28136882 1.55096419 .2130 +63
.64 1.18974014 |- 4.12500000 {6,65853659 =5.27272727 1,54945055 .2140 .64
«65 1.15676518 |-~ 4,07692308 (6,63636364 ~5,26415095 1.54794521 .2150 .65
.66 1.12503621 |- 4.03030303 |6,61445783 ~5,25563910 1.54644809 .2160 .66
o« - 87 1.00449214 |- 3,98507463 [6,59281437 ~5.24719101 1.54495913 «2170 .87
.68 1.06507561 |~ 3.94117647 [6,57142857 -5.23880597 1.54347826 .2180 .68
+«69 1.03673272 |- 3.89855072 |6.55029586 -5,23048327 1.54200542 .2190 «69
300
_ 3! _ 3gt 3! _ 3¢l _ 3p0 £ dd.d
L 4 470 p==r=>
474 473 472 265 (o) Pcba
27(a)
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FIVE-POINT DIFFERENTIATION COEFFICIENTS

NACA TN 2214

4
30 P
(DY)xax, =15 2_4C) ¥j + R (i=3.1)
b i=0
33

. aaa 303 303 303 33 303 2l

= 1Co G A <3 s u2£2 )

0.70 1.00941277 |~ 3.857142866.55941177 |-5.22222222 | 1.54054064 | 0.2200 | 0.70
.71 983068060 |~ 3,81690141|6.50877193 |-5,21402214 | 1.53908356 .2210 .71
.72 957653630 |- 3,77777778|6. 48837209 |-5.20588235 | 1.53763441 .2220 .72
.73 1933127104 |- 3.73970603 | 6. 46820809 |-5.19780220 | 1.53619303 .2230 .73
.74 .909448504 |- 3,70270270|6. 44827586 |—5.18978102 | 1.53475936 .2240 .74
o775 . 886580086 |- 3,66666667 |6, 42857143 -5,18181818 1.53333333 +2250 75
.76 . 5864486188 |- 3.63157895|6.40909091 |[-5.17391304 | 1.53191489 .2260 .76
.77 .843133092 |- 3,59740260|6.38983051 |-5.16606498 | 1.53050398 .2270 77
.78 822488900 |- 3.56410256|6.37078652 |-=5.15827338 | 1.52910053 .2280 .78
.79 802523410 |- 3.53164557|6,35195531 |-5.15053763 | 1.52770449 .2290 .79
.80 . 783208020 |- 3.50000000|6.33333333 |[-5.14285714 | 1.52631579 .2300 .80
.81 .764515610 |- 3.46913580|6.31491713 |-5.13523132 | 1.52493438 .2310 .81
.82 .746420456 |~ 3,439024396,29670330 |-5.12765957 | 1.52356021 .2320 .82
.83 S 728898162 |- 3.40963855|6.27868853 |-5.12014134 | 1.55219321 .2330 .83
.84 711925536 |- 3.38095238]6.26086957 |-5.11267606 | 1.52083333 .2340 .84
.85 .605480574 |- 3.35294118(6.24324324 |-5.10526316 | 1.51948052 .2350 .85
.86 L670542324 |- 3.32558140|6.22580645 |-5.09790210 | 1.51813472 .2360 .86
.87 664000894 |~ 3,29885057 [6.20855615 |-5.09059234 | 1,51679589 .2370 .87
.88 .649107326 |~ 3,27272727|6.19148936 |-5.08333333 | 1.51546392 .2380 .88
.89 - . 634573587 |- 3.24719101(6,17460318 |-5.07612457 | 1.51413882 .2390 .89
.90 .620472490 |- 3,22222222(6.15789474 |~-5.06896552 | 1.51282051 .2400 .90
.91 . 806787660 |- 3.19780220 |6.14136126 |-5.06185567 | 1,51150895 .2410 .91
.92 503503482 |- 3,17391304|6.12500000 |—-5.05479452 | 1.51020408 .2420° | .92
.93 .580605063 |- 3.15053763|6.10880829 |—-5.04778157 | 1.50890585 .2430 .93
.94 .568078182 |- 3.12765957|6.09278351 |-5,04081632 | 1,50761421 .2440 .94
.95 .556909274 |- 3,10526316{6.07692308 |—-5.03389831 | 1.50632911 .2450 .95
.96 ,544085364 |- 3.08333333|6.06122449 |-5,02702703 | 1,50505051 .2460 .96
.97 .532504074 |- 3,06185567|6,04568528 |-5,02020202 | 1.50377834 .2470 .97
.98 .521423552 - 3,04081633|6.03030303 |-5.01342282 | 1.50251256 .2480 .98
.99 .510562474 |- %,02020202|6,01507538 |-5,00668806 | 1,50125313 .2490 .99

1.00 500000000 [~ 3,00000000]6.00000000 |=5,00000000 | 1.50000000 .2500 | 1.00

1.01 . 489725758 |- 2,98019802 |5.98507463 |-4.99335548 | 1.49875312 .2510 |1.01

1.02 .479729814 |- 2.96078431|5,97029703 |~—4.98675497 | 1.49751244 .2520 | 1.02

1.03 . 470002652 |- 2.94174757|5.95566502 |-4,98019802 | 1.49627792 .2530 |1.03

1.04 . 460535158 |~ 2.92307692|5.94117647 |-4.97368421 | 1.49504951 .2540 | 1,04

1.05 . 451318590 |- 2.90476190|5.92682927 |-4.96721311 { 1.49382716 .2550 | 1,05

1.06 . 442344570 |- 2,88679245[5,.91262136 |-4.96078431 | 1,49261084 .2560 | 1.06

1.07 . 433605056 |- 2.86915888|5.89855072 |—4.95439739 | 1.49140049 .2570 | 1,07

1.08 . 425092336 |- 2.85185185|5.88461538 |-4,94805195 | 1.49019608 .2580 |1.08

1.09 . 416799006 |- 2.83486239|5,87081340 |-4.94174757 | 1.48899755 | ..2590 | 1.09

1.10 . 408717954 |~ 2.81818182|5,.85714286 |-4.93548387 | 1,48780488 .2600 | 1.10

1.11 . 400842352 |- 2.80180180|5.84360190 |-4,92926045 | 1,48661801 .2610 | 1.11

1.12 .393165636 |- 2,785714295.83018868 |-4.92307692 | 1.48543689 L2620 | 1.12

1.13 . 385681502 |- 2,76991150(5.81690141 |-4,91693291 | 1.48426150 .2630 | 1.13

1,14 378383885 |- 2.75438596|5.80373832 |-4.91082803 | 1.48309179 .2640 |1.14

1.15 371266955 |- 2.73913043|5.79069767 |-4.90476190 | 1.48192771 .2650 | 1.15

1.16 . 364325099 |- 2,72413793|5.77777778 |-4.89873418 | 1,48076923 .2660 | 1.16

1.17 357552024 |- £2.70940171|5.76497696 | -4.89274448 | 1,47961631 L2670 | 1,17

1.18 350945229 |- 2.60491525|5,75229358 |—4.88679245 | 1.47846890 .2680 | 1.18

1.19 344497016 |- 2.68067227 |5.73972603 |-4.88087774 | 1.47732697 .2690 | 1.19

1.20 . 338203463 |~ 2,66666667|5.72727273 |=4,87500000 | 1.47619048 .2700 | 1.20

1.21 .332059932 - 2.65289256 |5.71493213 |-4.86915888 | 1,47505938 .2710 | 1.21

1.22 .326061947 |~ 2.63934426|5,70270270 |—4.86335404 | 1.47393365 .2720 | 1.22

1.23 . 320205201 |- 2.62601626|5.69058296 |-4.85758514 | 1.47281324 L2730 | 1.23

1.24 .314485536 - 2,61290323|5.67857143 |-4,85185185 | 1.47169811 .2740 | 1.24

1.25 . 308898945 [~ 2.60000000|5.66666667 |-4.84615385 | 1.47058824 .2750 | 1.25

1.26 . 303441560 |- 2.58730159 |5.65486726 |-4.84049080 | 1.46948357 L2760 |1.26

1.27 .298100654 |- 2.57480315|5.64317181 |-4.83486239 | 1.46838408 L2770 | 1.27

1.28 .292899625 |- 2.56250000 |5.63157895 |-4.82026829 | 1.46728972 .2780 |1.28

1.29 287808001 |- 2.55038760 |5.62008754 |-4.82370821 | 1.46620047.{ .2790 |1.29

. 31
_ 301 T _ 3pl T _ 3pl E
La Cs L2 < Lo T‘B—,—- p:%:%:%
bf 7 (8)

27(b)

TT?T



NACA TN 2214
4
FIVE-POINT DIFFERENTIATION COEFFICIENTS
]
4
3 ] 30d . 3ni i
(0 y)xzxi:[; 24cj yj + IR (i=4,0)
i=0
3 4
aaa 3n4 ! 304 34 304 3p4 —EE—~
r=g=2:g 4(:0 4C| 4C2 463 4C4 p2¢" 5) @

0.10 50.2723084 ~61, 0000000 19.3636364 -11.5714286 2.93548387 1.480 0.10
<11 44,9307836 -55.5454545 19,.2162162 ~11,5308057 2,92926045 1,483 L11
.12 40, 4960605 -51,0000000 19.0714286 =11, 4908660 2,92307692 1,486 .12
.13 36,7584139 -47,1538462 18,9292035 -11,4507042 2.91693291 1.489 .13
<14 33.5680561 -43.8571429 18,7894737 -11,4112150 2.91082803 1.492 .14
+15 30.8151572 -41, 0000000 18, 6521739 -11, 3720930 2,90476190 1.495 15
.16 28.4173578 -38. 5000000 18.5172414 -11.3333333 2,89873418 1.498 .16
.17 26.3116886 ~36,2941176 18.3846154 ~11,2949309 2,89274448 1.501 <17
.18 24.4491843 -34,3333333 18.2542373 -11,2568807 2.88679245 1,504 .18
.19 22,7911973 -32.5789474 [18,1260504 | -11,2191781 |2,88087774 1,507 .19
+20 21.3068182 =31, 0000000 18.0000000 -11,18181582 2.87500000 1,510 .20
.21 19.9710330 ~29,5714286 17.8760331 ~11.1447964 2.86915888 1.513 +21
.22 -18,7633830 -28,2727273 17.7540984 -11.1081081 2.86335404 1.516 .22
.23 17,.6669739 -27.0869565 17.6341463 =11.0717489 2.85758574 1,519 .23
«24 16.6677334 ~26,0000000 17.5161290 -11,0357143 2,85185185 1.522 .24
.25 15,7538462 -25.0000000 17. 4000000 -11,0000000 2,84615385 1.525 .25
.26 14,9153198 -24,0769231 17.2857143 -10,9646018 2.84049080 1.528 «26
27 14.1436469 -23.2222222 17.1732284 -10,9295154 2,83486239 1.531 27
.28 13.4315400 ~22,4285714 17,0625000 -10.8947368 2,82926829 1.534 .28
.29 12,7727206 -21,6896552 16,9534884 -10,8602620 2.82370821 1.537 29

- «30 12,1617513 -21.0000000 16.8461539 -10,8260870 2.81818182 1.540 +30
«31 11.5938997 -20.3548387 16,7404580 -10.7922078 2.81268882 1.543 31
32 11.0650282 -19,7500000 16.6363636 -10.7586207 2.80722892 1,546 .32
«33 10.5715037 -19.1818182 16.5338346 -10,7253219 2,80180180 1.549 «33
» 354 10.1101235 -18,6470588 16.4328358 -10,6923077 2.79640719 1,552 «34

-
+«35 9, 67805352 -18.1428571 16,3333333 -10, 6595145 2,79104478 1.555 +35
«36 9.27277692 -17.6666667 16.2352941 -10.6271186 2.78571429 1.558 +36
.37 8.89205136 -17.2162162 16,1386861 -10.5949367 2,78041543 1,661 « 37
.38 8,53387272 -16,7894737 16.0434783 ~10,5630252 2,77514793 1.564 .38
«39 8.19644436 -16.3846154 15,9496403 -10,5313808 2.76991150 1,567 «39
«40 7.87815126 -16,0000000 15.8571428 -10. 5000000 2.76470588 1.570 «40
.41 7.57753776 -15,6341463 15,7659574 -10, 4688797 2,75953079 1.573 +41
.42 7.29328854 -15.2857143 15.6760563 -10. 4380165 2.75438597 1.576 .42
.43 7.024212086 ~14,.9534894 15.5874126 ~-10. 4074074 2.74927114 1.579 «43
.44 6.76922676 ~14,6363636 15, 5000000 ~10,3770492 2,74418605 1.582 .44
+45 6.52734857 -14,3333333 15, 4137931 -10.3469388 2.73913043 1.685 .45
.46 6,29768026 -14,0434783 15,3287671 -10.3170732 2,73410405 1,588 .46
.47 6.07940225 -13.7659574 15.2448980 -10.2874494 2.72910663 1,591 47
.48 5.87176442 ~13,5000000 15,1621622 -10.2580645 2.72413793 1.594 .48
.49 5, 67407900 -13.2448980 15.0805369 -10.2289157 2,71919771 1.597 .49
«50 5.48571429 -13,.0000000 15.0000000 -~10,2000000 2.71428571 1.600 «50
.51 5.30608911 -12.7647058 14,9205298 -10,1713147 2,70940171 1.603 51
.52 5.13466797 -12,5384615 14,8421053 -10,1428571 2.70454545 1.606 .52
«53 4,97095663 -12,3207547 14.7647059 =10,1146245 2,69971671 1,609 «53
+54 4,.81449834 -12,1111111 14.6883117 -10,.0866142 2.69491525 1.612 .54
.55 4,66487037 ~11.9090909 14,6129032 -10,0588235 2.69014085 1.615 .55
+«56 4,52168092 -11,7142857 14,5384615 -10,0312500 2.68539326 l1.618 .56
«57 4.38456642 -11,5263158 14,4649682 -10,0038911 2, 68067227 1.621 «57
+58 4,25318905 -11.3448276 14.3924051 - 9.97674419 | 2,67597765 1.624 .58
»59 4,12723457 -11.1694915 14.3207547 - 9.94980695 | 2,67130919 1.627 .59
+«80 4.00641026 -11,0000000 14.2500000 - 9,92307692 | 2,66666667 1.630 +60
.61 3.89044321 -10.8360656 14,1801242 - 9.89655172 | 2,66204986 1,633 .61
.62 3.77907869 -10,6774194 14.1111111 - 9,87022901 | 2,85745856 1.636 .62
63 3.67207864 -10, 5238095 14.0429448 - 9.84410646 | 2,65289256 1.639 .63
.64 3.56922041 -10, 3750000 13.9756098 - 9.81818182 | 2,64835165 1.642 .64

; « 65 3. 47029554 -10,2307692 13.9090909 - 9,79245283 | 2.64383562 1.645 +65

.66 3.37510863 -10,0909091 13, 8433735 - 9,76691729 | 2,63934426 1.648 .66

.67 3.28347642 - 9.95522388 | 13.7784431 - 9.74157303 | 2.63487738 1.651 .67

.68 3.19522683 - 9.82352941 | 13.7142857 - 9,71641791 | 2.63043478 1.654 .68

+89 3,11019816 - 9.69565217 | 13,6508876 - 9.69144981 | 2,62601626 1.657 .69
) 300 300 300 300 300 s ddd
A -0 - 3% - & - 2% - | Peba

b f 77 (&)
28(a)




FIVE-POINT DIFFERENTIATION COEFFICIENTS

s
(D3y)x=x‘:;*3 > iy + R (i=4,0)
j=0

NACA TN 2214

3 4
304 304 304 3m4 3n4 a
4Co <) 4C2 4C3 4C4 b2f(51(m
3,02823832 | - 9.57142857 | 13.5882353 |- 9.66666667 | 2.62162162 | 1.660 | 0,70
2.94920418 | - 9.45070423 | 13.5263158 |- 9,64206642 | 2,61725067 | 1.663 W71
2.87296089 | - 9.33333333 | 13.4651163 | - 9,61764706 | 2,61290323 | 1,666 72
2.79938131 | - 9,21917808 | 13,4046243 |~ 9,59340659 | 2.60857900 | 1.669 73
2.72834551 | - 9,10810811 | 13.3448276 | - 9.56934307 | 2.60427808 | 1.672 74
5,65974026 | - 9.00000000 | 13.2657143 |~ 9,54545455 | 2.60000000 | 1.675 .75
2.59345856 | - 8,80473684 | 13,2272727 |- 9.52173913 | 2.59574468 | 1.678 .76
2.62939928 | - 8,79220779 | 13.1694915 |- 9.49819495 | 2,59151194 | 1.681 i
2,46746670 | - 8,69230769 | 13,1123596 |~ 9.47482014 | 2,58730159 | 1.684 .78
2.40757023 | - 8.59493671 | 13.0558659 |-~ 9.45161290 | 2.58311346 | 1.687 .79
2.34962406 | - 8.50000000 | 13,00000000 | - 9.42857143 | 2,57894737 | 1,690 .80
2,00354683 | - 8,40740741 | 12,9447514 |- 9.40569395 | 2.57480315' | 1,693 .81
- 2,23926137 | - 8.31707317 | 12.8901099 |- 9.38297872 | 2,57068068 | 1,696 .82
2.18669449 | - 8.22801566 | 12,8360656 | - 9,36042403 | 2.56657963 | 1.699 .83
2,13577661 | — 8.14285714 | 12,7826087 |- 9.33802817 | 2,56250000 | 1,702 .84
2.08644172 | - 8.05882353 | 12,7297297 |- 9.31578947 | 2,55844156 | 1.705 .85
2,03862697 | — 7.97674419 | 12,6774194 |- 9.,29370629 | 2,55440415 | 1,708 .86
1.99227268 | - 7.89655172 | 12.6256685 | - 9,27177700 | 2,55038760 | 1.711 .87
1.94732198 | - 7.81818182 | 12,5744681 |- 9,25000000 | 2,54639175 | 1.714 .88
1.00372076 | -~ 7.74157303 | 12.5238095 |- 9,22837370 | 2,54241645 | 1.717 .89
1.86141747 | - 7.66666667 | 12.4736842 |- 9.20689655 | 2,53846154 | 1,720 .90
1.82036208 | - 7.59340659 | 12.4240838 | - 9,18556701 | 2.53452685 | 1.723 .91
1.78051045 | - 7.52173913 | 12.3750000 |- 9,16438356 | 2,53061225 | 1.726 .92
1.74181519 | — 7.45161290 | 12,3264249 |— 9.14334471 | 2,52671756 | 1.729 .93
1.70423455 | - 7.38297872 | 12.2783505 | - 9.12244898 | 2.52284265 | 1.732 .94
1.66772782 | - 7.31578947 | 12.2307692 |- 9,10169492 | 2.51898734 | 1.735 .95
1.63225609 | - 7.25000000 | 12.1836735 |- 9,08108108 | 2,51515152 | 1.738 .96
1.59778222 | - 7.18556701 | 12.1370558 |- 9,06060606 | 2,51133501 | 1,741 .97
1.56427066 | - 7.12244898 | 12,0909091 |- 9,04026846 | 2,50753769 | 1,744 .98
1.53168742 | - 7.06060606 | 12,0452261 | — 9.02006689 | 2,50375940 | 1.747 .99
1.50000000 | - 7.00000000 | 12,0000000 |- 9,00000000 | 2,50000000 | 1.750 | 1.00
1.46917727 | - 6.94059406 | 11.9552239 |- 8,98006645 | 2.49625935 | 1.753 |1.01
1.43918944 | - 6.88235294 | 11.9108911 | - B,96026490 | 2,49253731 | 1,756 1,02 |
1.41000796 | - 6.82524272 | 11,8669951 |- 8,94059406 | 2.48883375 ;| 1,759 | 1.03
1.38160547 | - 6,76923077 | 11.8235294 |- 8.92105263 | 2,48514852 | 1.762 | 1.04
1.35395577 | - 6.71428571 | 11.7804878 |- 8.90163934 | 2.48148148 | 1,765 | 1.05
1.32703371 | - 6.66037736 | 11.7378641 | - 8,88235294 | 2,47783257 | 1.768 | 1,06
1.30081517 | - 6.60747664 | 11.6956522 | - 8,86319218 | 2.47420147 | 1,771 | 1.07
1.27527701 | - 6.55555556 | 11.6538462 | — 8,84415584 | 2,47058824 | 1.774 |1.08
1.25039702 | - 6.50458716 | 11.6124402 |~ 8,82524272 | 2, 46699267 | 1.777 |1.09
1.22615386 | — 6.45454545 | 11,5714286 |- 8,80645161 | 2,46341463 | 1,780 | 1.10
1.20252706 | - 6.40540541 | 11.5308057 |- 8,78778135 | 2,45985401 | 1.783 | 1,11
1.17949691 | - 6.35714286 | 11, 4905660 |- 8.76923077 | 2.45631068 | 1,786 | 1.12
1,15704451 | - 6,30973451 | 11.4507042 |~ 8,75079872 | 2.45278450 | 1,789 |1.13
1.13515164 | — 6,26315789 | 11.4112150 |- 8,73248408 | 2.44927536 | 1.792 | 1.14
1.11380086 | — 6.,21739130 | 11,3720930 |- 8,71428571 | 2,44578313 | 1,795 |1.15
1.09297530 | - 6,17241379 | 11,3333333 | - 8.69620253 | 2.44230769 | 1.798 | 1,16
1.07265877 | - 6.12820513 | 11.2949309 |- B,67823344 | 2,43884892 | 1,801 |1.17
1.05283569 | - 6,08474576 | 11.2568807 |- 8,66037736 | 2.43540670 | 1,804 | 1.18
1.03349105 | - 6.04201681 | 11.2191781 |~ B8.64263323 | 2,43198091 | 1,807 |1.19
1,01461039 - 6,00000000 | 11,1818182 - 8,62500000 | 2,42857143 1.810 1.20
.996179794| ~ 5.95867769 | 11.1447964 |- 8.60747664 |2.42517815 | 1,813 |1.21
.978185841| ~ 5.91803279 | 11,1081081 |- 8,59006211 | 2,.42180095 | 1.816 |1.22
. 960615603 - 5.87804878 | 11.0717489 |- 8,57275542 | 2,41843972 | 1.B19 |1.23
.943456607 | - 5,83870968 | 11,0357143 |- 8,55555556 | 2,41509434 | 1.822 | 1.24
,926696834| - 5,80000000 | 11,0000000 |- 8,53846154 | 2,41176471 | 1.825 | 1,25
.901324679| - 5.76190476 | 10.9646018 |- 8,52147239 | 2.40845070 | 1.828 |1.26
. 804328962 | - 5.72440945 | 10,9295154 |-~ 8,50458716 | 2.40515222 | 1.831 |1l.27
. 878698876 | - 5.68750000 | 10.8947368 |- 8,48780488 | 2,40186916 | 1.834 |1.28
.863424004| - 5.65116279 | 10.8602620 | - 8,47112462 | 2,39860140 | 1,837 |1.29
3.0
E
_ 300 _ 3p0 _ 300 _ 300 _ 300 4 ddd
4C4 4C-’> 4C2 4Cl 4CO bzf‘5’ (&) D”E_B__
28(b)

1411



1411

NACA TN 2214

FIVE-POINT DIFFERENTIATION COEFFICIENTS

4

4 I api ., 4qi .
(D Y)"=Xi_51 ' 4Cj yi + 4R (i=0,1,2,3,4)
J=0
aaa 4ci a0 aci 4aci
bcd o PN G2 3
0.10 33,5148722 ~40,0000000 16,9090909 ~5.7142657
.11 29,9538558 ~-36.3636364 10.8108108 -5.68720379
.12 26,9973736 -33.3333333 10,7142857 ~5,66037736
.13 24,5056092 -3G.7692308 10, 6194690 -5.63380282
.14 22,3787040 -28.5714286 10.5263158 -5.60747664
.15 20.5434382 -26.6666667 10. 4347826 ~5,58139535
.16 18.9449052 -25.0000000 10, 3448276 ~-5.55555556
.17 17.5411258 -23.5294118 10.2564103 -5,52995392
.18 16.2994562 -22,2222222 10,.1694915 -5,50458716
.19 15,1941315 -21,0526316 10, 0840336 ~5. 47945205
+20 14,2045454 ~20. 0000000 10, 0000000 -5, 45454545
.21 13, 3140220 -19.0476190 9.91735537 | -5, 42986425
.22 12,5089220 -18,1818182 9.83606557 | -5,40540541
.23 11.7779826 -17.3913043 9.75609756 | -5.38116592
.24 11.1118223 -16.6666667 9.67741935 | -5,35714286
.25 10. 5025641 -16,0000000 9.60000000 | -5,33333333
.26 9,94354652 ~15,3846154 9.52380952 | ~5.30973451
.27 9.42909794 ~14.8148148 9,44881890 | -5,28634361
.28 8.95436000 -14,2857143 9,37500000 | -5.26315789
.29 8.51514708 -13,7931034 9.30232558 | -5,24017467
.30 8.10783420 -13,3333333 9.23076923 | -5.21739130
.31 7.72926644 -12,9032258 9.16030534 | -5,19480519
.32 7.37668544 -12, 5000000 9.09090909 | -5.17241379
.33 7.04766912 -12,1212121 9.02255639 | -5,15021459
.34 6.74008232 -11.7647059 8.95522388 | ~5,12820513
.35 6.45203568 ~11, 4285714 8.88888889 | -5,10638298
.36 6.18185128 -11,1111111 8.82352941 | -5,08474576
.37 5,92803424 ~10. 8108108 8.75912409 | -5,06329114
.38 5.68924848 ~-10.5263158 8.69565217 | -5,04201681
.39 5, 46429624 -10.2564103 8.63309353 | -5,02092050
.40 5.25210084 ~10.0000000 8.57142857 | -5,00000000
.41 5.05169184 - 9,75609756 8.51063830 | -4.97925311
.42 4,86218236 - 9,52380952 8.45070423 | -4,95867769
.43 4,68280804 - 9,30232558 8.39160839 | -4,93827160
.44 4,51281784 - 9,09090909 8,33333333 | -4.91803279
.45 4.35156571 - 8.88888889 8.27586207 | -4.89795918
.46 4.19845351 - 8.69565217 8,21917808 | -4,.87804878
.47 4.05293484 - 8.51063830 8.16326531 | -4,85829960
.48 3.91450962 - 8.33333333 8.10810811 | -4.83870968
.49 3.78271933 - 8.16326531 8.05%69128 | ~4,81927711
.50 3.65714286 - 8,00000000 8.00000000 | ~4,80000000
.51 3.53739274 - 7.84313725 7.94701987 | -4.78087649
.52 3.42311198 - 7.69230769 7.89473684 | -4,76190476
.53 3,31397108 - 7.54716981 7.84313725 | -4,74308300
.54 3.20966556 - 7.40740741 7.79220779 | -4.72440945
.55 3.10991358 - 7.27272727 7.74193548 | -4.70588235
.56 3.01445394 - 7.14285714 7.69230769 | -4.68750000
.57 2.92304428 - 7.01754386 7.64331210 | -4.66926070
.58 2,83545937 - 6.89655172 7.59493671 | -4.65116279
.59 2.75148971 - 6.77966102 7.54716981 | -4,63320463
.60 2.67094017 - 6,66666667 7.50000000 | -4.61538462
.61 2,59362881 - 6,55737705 7.45341615 | -4.59770115
.62 2,51938579 - 6.45161290 7.4074074) | -4.58015267
.63 2.44805242 - 6.34920635 7.36196319 | -4,56273764
.64 2,37948028 - 6.25000000 7.31707317 | -4,54545455
.65 2,31353036 - 6.15384615 7.27272727 | -4.52830189
.66 2.25007242 - 6,06060606 7.22891566 | -4,51127820
.67 2,18898428 - 5.97014925 7.18562874 | -4,49438202
.68 2,13015122 - 5.,88235294 7.14285714 | -4, 47761194
.69 2,07346544 - 5,79710145 7.10059172 | -4, 46096654
4pi ani acl aci
404 4C5 4C2 4C|
29(a)

101




NACA TN 2214
>
FIVE-POINT DIFFERENTIATION COEFFICIENTS
»
S
4 i aci y. 4 4Ri i=
(O = SofChyi + IR (0,123,
5o
4.0 4.1 4.2 4.3 4.4
i £ )3 i N3 i
{51} )
44 bf @) bt | of @ | bf @ | ofe
1.29032258 -1.280 -1.180 -0, 1800 0.820 1.820 0.10
1.28617363 -1.288 -1.178 - .,1780 .822 1,822 .11
1.28205128 ~1.296 -1.176 - .1760 . 824 1.824 .12
1.27795527 -1.304 -1.174 - .1740 .826 1.826 .13
1.27388535 ~1.312 -1.172 - .1720 .828 1.828 .14 }";
1.26984127 ~1.320 -1.170 - .1700 . 830 1.830 .15 “"_."
1.26582278 -1.328 -1.168 - .1680 . 832 1.832 .16
1.26182965 -1.336 -1,166 - .1660 834 1.834 .17
1.25786164 -1.344 ~1.164 - .1640 . 836 1.8386 .18
1.25391850 -1.352 -1.162 - «1620 .838 1.838 .19
1.25000000 ~1.360 -1.1860 - «1600 . 840 1.840 «20
1.24610592 -1.368 -1.158 - .1580 .842 1.842 .21
1.24223602 -1.376 -1.156 - .1560 . 844 1.844 .22
1.23839009 -1.384 -1.154 - 1540 .B46 1,846 .23
1.23456790 -1.392 -1.152 - .1820 .848 1.848 .24
1,23076923 -1.400 -1.150 - .1500 «850 1.850 .25
1.22699387 -1.408 -1.148 - .1480 . 852 1.882 .26
1.22324159 -1.416 -1.146 - .1460 .854 1.854 27
1.21951220 ~1.424 -1.144 - .1440 .856 1.856 .28
1.21580547 -1.432 -1.142 - .1420 . 858 1.858 .29
1.21212121 -1.440 -1.140 - .1400 . 860 1.860 «30 Py
1.20845921 -1.448 -1.138 .~ 1380 - 862 1.862 .31
1.20481928 —-1,456 -1,136 - 1360 . 864 1.864 .32
1,20120120 -1,464 -1.134 - .1340 . 866 1.866 33
1.19760479 -1,472 -1.132 - .1320 .868 1.868 .34
1.194020858 -1.480 -1.130 - .1300 . 870 1.870 «35 *
1.19047619 -1,488 -1.128 - .1280 . 872 1.872 .36
1.18694362 ~1.496 -1.126 - .1260 .874 1.874 « 37
1.18343195 -1.504 -1.124 - .1240 . 876 1.876 .38
1.17994100 -1.512 -1.122 - .1220 .878 1.878 39
1,17647059 -1.520 -1.120 - .1200 . 880 1.880 « 40
1.17302053 -1.528 -1.118 - .1180 .882 1.882 )
1.16959064 -1.536 -1.1186 - .1160 .884 1.884 .42
1.16618076 -1.544 -1.114 - .1140 . 886 1.886 .43
1.16279070 -1.552 -1.112 - .1120 .888 1.888 .44
1.15942029 -1.560 -1.110 - .1100 . 890 1.890 .45
1.15606936 -1.568 -1.108 - .1080 . 892 1.892 .46
1.15273775 -1.576 -1.106 - .1060 . 894 1.894 .47
1,14942529 -1,584 -1.104 - .1040 . 896 1.896 .48
1.14613181 -1.592 -1.,102 - .1020 .898 1.898 .49
1.14285714 -1.600 -1,100 - .1000 . 800 1.900 «50
1.13960114 -1.,608 -1.098 - .0980° .902 1.902 .51
1.13636364 ~1,616 -~1,096 - .0960 .904 1,904 .52
1.13314448 ~1.624 -1,094 - 0940 . 906 1,906 «53
1.12994350 -1.632 ~1.092 - .0920 » 908 1.908 .54
1.12676056 -1.640 ~1.090 - .0800 910 1.910 «55
1,12359551 -1.648 -1,088 - .0880 .912 1.912 <56
1.12044818 -1.656 -1.,086 - .0860 914 1.914 « 57
1.11731844 -1.664 -1.084 - .0840 .916 1.916 .58
1.11420613 -1,672 -1.082 - .0820 .918 1.918 «59
1.11111111 ~1.680 -1.,080 - .0800 .920 1.920 « 60
1.10803324 -1,688 -1.078 - .0780 .922 1,922 .61
1.10497238 -1.696 -1,076 - .0760 .924 1.924 .62
1.10192837 -1.704 -1.074 - .0740 .926 1.926 .63
1.09890110 ~-1.712 -1.072 - .0720 .928 1.928 .64
1.09589041 -1.720 -1.070 - .0700 «930 1,930 «65
1.09289617 -1.728 -1,068 - .0680 932 1.932 .66 hd
1.08991826 -1.736 -1,066 - .0660 « 934 1.934 « 67
1.08635652 -1.744 -1.064 - »0640 « 936 1.936 <08
1.08401084 ~1.782 -1.062 - .0620 . 938 1.938 . .69
. 4t 4.0 £
ani .
4c0




NACA TN 2214

FIVE-POINT

DIFFERENTIATION COEFFICIENTS

4

4 . .
(0 y’x:n:# icj yi + :R' (i=0,1,2,3,4)
J=0.

aaa 4pi ani 4ni 4pi

"bcd o L pO e
0.70 2.01882554 - 5.71428571 7.05882353 ~4.44444444
.71 1.96613612 - 5.63380282 7.01754386 ~4,42804428
.72 1,91530726 - 5,55555556 6,97674419 ~4,41176471
$73 1, 86625421 - 5,47945205 6,93641618 ~-4,39560440
.74 1.81889701 - 5,40540541 6.89655172 -4,37956204
.75 1,77316017 - 5.33333333 6,85714286 -4,36363636
.76 1.72897238 - 5.26315789 6.81818182 ~4,34782609
«T7 1.68626618 - 5,19480519 6,77966102 -4,33212996
.78 1.64497780 - 5,12820513 6,74157303 ~4,31654676
.79 1.60504682 - 5,06329114 6.70391061 -4,30107527
+80 1.56641604 - 5,00000000 6,66666667 -4.28571429
.81 1.52903122 - 4,93827160 6.62983425 -4,27046263
.82 1,49284091 - 4.87804878 6.59340659 -4,255631915
.83 1,45779632 - 4,81927711 6.55737705 ~-4,24028269
84 1, 42385107 - 4,76190476 6.52173913 -4,22535211
.85 1.,39096115 - 4,70588235 6, 48648649 -4,21052632
.86 1.35908465 - 4,65116279 6.45161290 -4.19580420
.87 1.32818179 - 4,59770118 6.41711230 -4,18118467
.88 1.29821465 ~ 4.54545455 6,38297872 ~4.16666667
.89 1,26914717 ~- 4,49438202 6,34920635 —-4.156224913
.90 1.24094498 - 4,44444444 6.31578947 ~4,13793103
.91 1.21357532 -~ 4.39560440 6,28272251 -4.12371134
.92 1.18700696 | - 4,34782609 6,25000000 -4,10958904
.93 1.16121012 - 4.30107527 6.21761658 —4,09556314
.94 1.13815636 - 4,25531915 £6.18556701 -4,08163265
.95 1.11181855 - 4,21052632 6.15384615 -4,08779661
.96 1.08817073 - 4,16666667 6.12244898 —-4,05405405
.97 1,06516815 - 4,12371124 6.09137086 -24,04040404
.98 1.04284710 - 4,08163265 6,06060606 -4,02684564
.99 1.02112495 - 4,04040404 6.03015075 -4,01337792
1.00 1,00000000 - 4,00000000 6, 00000000 —4,00000000
1.01 »979451516 - 3.96039604 5,97014925 -3,98671096
1.02 .959459628 - 3.,92156863 5.94059406 -3.97350993
1.03 . 9400056304 - 3.88349515 5.91133005 -3.960392604
1.04 .921070316 - 3.84615385 5.88235294 ~3.94736842
1.05 « 902637180 - 3.80952381 5.85365854 -3.93442623
1.06 . 884689140 - 3,77358491 5.82524272 -3.92156863
1.07 .867210112 - 3,73831776 5.79710145 -3,90879479
1,08 . 850184672 - 3,70370370 5.76923077 | -3.89610390
1.09 . 833598012 - 3.66972477 5.,74162679 -3.B8349515
1,10 817435908 - 3.63636364 5.71428571 -3.87096774
1.11 .801684704 - 3.60360360 5,68720739 -3.85852090
1.12 786331272 - 3.57142857 5.66037736 ~3.84615385
1.13 771363004 - 3.53982301 5,63380282 -3.83386581
1.14 756767769 - 3.50877193 5.60747664 -3.82165605
1.156 .'742533910 - 3.47826087 5.58139535 -3,80952381
1.16 728650199 — 2.44827586 5.55555556 ~3.79746835
1.17 »715105847 - 3.41880342 5.562995392 ~35.78548896
1.18 .701890458 - 3.38983051 5.50458716 ~3.77358491
1.19 . 688994031 - 3.36134454 5.47945206 -3,76175549
1.20 - . 676406926 - 3.33333333 5.45454545 ~3. 75000000
1.21 .664119863 - 3.30598512 5.42986425 | ~3,73831776
l.22 .652123894 - 3.27868852 5,40520541 -3,72670807
1.23 . 640410402 - 3.25203252 5.38116592 -3.71517028
1.24 . 628971071 - 3,22580645 5,35714286 -3.70370370
1.25 .617797889 - 3,20000000 5.33333333 -3.69230769
1.26 . 606883120 - 3.17460317 5.30973451 -3.68098160
1.27 596219308 - 3.14960630 5.28634361 -3,66972477
l.28 . 585799251 - 3,12500000 5.26315789 -3.65853659
1.29 + 575616002 - 3.10077519 5.24017467 -3.64741641

4t 40 4ni 40

L 4C3 4C2 4C|

29(c)



104 NACA TN 2214

»
FIVE-POINT DIFFERENTIATION COEFFICIENTS
. [
4 _| a0 . api H
(0 y),(:x,_-p DaClyi+ R (i 0,1,2,3,4
J=0 .
4.0 T4l 4.2 C 43 4
i i€ i £ £ £
5] 5) 5 5)
e bf e | @ | of P | of7M @ bf7e
1.08108108 —1.%60 .| -1.060 =, 0600 0.940 1.940 0,70
1.07816712 -1,768 -1,058 - 0580 .942 1,942 .71
1,07526882 -1.776 -1,056 - .0560 .944 1,944 .72 -
1.07238606 | -1.784 -1,054 - ,0540 .946 1,946 .73
1.06951872 | =1.792 =1,052 -~ ,0520 .948 1.948 74
1.,06666667 -1,800 -~1,050 - .0800 » 950 1.950 .75 K
1.06382979 -1,808 -1,048 ~ .0480 .952 1,952 .76 s
1,06100796 -1,8186 -1.046 - .0460 .954 1.954 .77 It
'1.05820106 -1.824 -1,044 - .0440 .956 1,956 .78
1.05540897 -1,832 =1,042 - ,0420 .958 1.958 79
1,05263158 -1.840 -1.040 - ,0400 . 960 1,960 .80
1.04986877 -1.848 -1,038 - ,0380 .962 1,962 .81
1.04712042 -1.856 -1.036 - .0360 .964 1.964 .82
1.04438642 -1.864 -1,034 - ,0340 .966 1,966, .83
1,04166667 -1.872 -1,032 - .0320 .968 1,968 .84
1.03896104 -1.880 ~1.030 - .0330 .970 | 1,970 .85
1.03626943 -1,888 -1.028 - .0280 .972 1.972 .86
1.03359173 -1.896 -1,026 - .0260 .974 1.974 .87
1.03092784 ~1.904 -1.,024 - .0240 .976 1.976 .88
1.02827763 -1,912 -1,022 - .0220 .978 1,978 .89
1.02564103 -1.920 -1,020 - .0200 .980 1.980 .90
1.02301790 -1.928 -1.018 - .0180 .982 1.982 .91
1,02040816 ~-1.936 ~1,016 - .0160 .984 1.984 .92
1.01781170 ~1.944 | -1.014 - ,0140 .986 1,986 .93 5
1.01522843 -1.952 -1,012 - .0120 .988 1,988 .94
1.02165823 -1.960 -1,010 - ,0100 .990 1.990 .95
1,01010101 -1,968 ~-1.008 - .0080 .992 1.992 .96
1.00755668 -1.976 -1.006 - ,0060 .994 1,994 .97 »
1.00502513 -1.984 -1,004 - .0040 .996 1.996 .98
1.00250627 -1.992 -1.002 - ,0020 .998 1,998 .99
1. 00000000 -2,000 -1.000 29 1,000 2,000 1,00
. 997506234 -2,008 - .998 .0020 1,002 2,002 1.01
. 995024876 -2,016 - .996 .0040 1,004 2,004 1.02
. 992555831 -2,024 - .994 . 0060 1.006 2.006 1,03
. 990099010 -2.032 - .992 .0080 1,008 2,008 1.04
.987654321 -2,040 - .990 . 0100 1.010 2,010 1,05
. 985221675 -2.048 ~ .988 .0120 1.012 2,012 1.06
. 982800983 ~-2,056 - .986 .0140 1,014 2,014 1,07
. 980392157 -2,064 - .984 .0160 1.016 2,016 1,08
. 977995110 -2,072 - .982 .0180 1,018 | .2.018 1.09
. 975609756 ~2,080 - .980 .0200 1,020 2,020 1,10
. 973236010 -2,088 - .978 .0220 1,022 2,022 | 1,11
. 970873786 -2,096 - .976 .0240 1.024 2,024 1,12
. 968523002 -2,104 - .974 . 0260 1.026 2,026 1,13
. 966183575 -2,112 - .972 .0280 1,028 2.028 1.14
.963855422 -2,120 - .970 . 0300 1,030 2,030 1.15
. 961538462 -2,128 - .968 .0320 1.032 2,032 1.16
. 959232614 -2.136 - .966 .0340 1,034 2,034 1.17
. 956937799 -2,144 - .964 .0360 1.036 2,036 1.18
. 954653938 -2,152 - .962 . 0380 1,038 2,038 1.19
. 952380952 -2.160 - .960 . 0400 1,040 | 2.040 1.20
.950118%765 -2,168 ~ .958 .0420 1.042 2,042 1.21
. 947867299 -2,176 - .956 .0440 1,044 2,044 1.22
.945626478 -2,184 - .954 .0460 1.046 2.046 1.23
. 943396226 -2.192 - .952 .0480 1,048 2,048 1.24
.941176471 -2.200 - .950 . 0500 1,050 2,050 1.25
. 938967136 -2,208 - .948 . 0520 1.052 2,052 1.26
. 936768150 -2,216 - .946 L0540 1,054 2,054 1.27
. 934579439 -2,224 ~ 944 . 0560 1,056 2,056 1.28
. 932400932 -2,232 - .942 . 0580 1.058 2.058 1.29
ani 4.4 4.3 4.2 4c! 4.0 »
4C! __4f __ 4 S &£ p- i’:%:‘i
(5) (51 (51} (5) (51 cba
bt | b @ | b @ [ o | 6

The next order remainder term is -0. 1667 b’ [f(él.(xﬂxzxZ

29(d)
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